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Fore^^ord 


THE  rapid  advances  made  in  recent  years  in  all  lines  of 
engineering,  as  seen  in  the  evolution  of  improved  types 
of  machinery,  new  mechanical  processes  and  methods, 
and  even  new  materials  of  workmanship,  have  created  a  dis- 
tinct necessity  for  an  authoritative  work  of  general  reference 
embodying  the  accumulated  results  of  modern  experience  and 
the  latest  approved  practice.  The  Cyclopedia  of  Engineering 
is  designed  to  fill  this  acknowledged  need. 

C  The  aim  of  the  publishers  has  been  to  create  a  work  which, 
while  adequate  to  meet  all  demands  of  the  technically  trained 
expert,  will  appeal  equally  to  the  self-taught  practical  man, 
who  may  have  been  denied  the  advantages  of  training  at  a  resi- 
dent technical  school.  The  Cyclopedia  not  only  covers  the 
fundamentals  that  underlie  all  engineering,  but  places  the 
reader  in  direct  contact  with  the  experience  of  teachers  fresh 
from  practical  work,  thus  putting  him  abreast  of  the  latest 
progress  and  furnishing  him  that  adjustment  to  advanced 
modem  needs  and  conditions  which  is  a  necessity  even  to  the 
technical  graduate. 

CL  The  Cyclopedia  of  Engineering  is  based  upon  the  method 
which  the  American  School  of  Correspondence  has  developed 
and  successfully  used  for  many  years  in  teaching  the  principles 
and  practice  of  Engineering  in  its  different  branches. 

<L  The  success  which  the  American  School  of  Correspondence 
has  attained  as  a  factor  in  the  machinery  of  modem  technical 
and  scientific  education  is  in  itself  the  best  possible  guarantee 


for  the  present  work.  Therefore,  while  these  volumes  are  a 
marked  innovation  in  technical  literature — representing,  as  they 
do,  the  beat  ideas  and  methods  of  a  large  number  of  different 
authors,  each  an  acknowledged  authority  in  his  work — they  are 
by  no  means  an  experiment,  but  are,  in  fact,  based  on  what  has 
proved  itself  to  be  the  most  successful  method  yet  devised  for 
the  education  of  the  busy  man.  The  formuls  of  the  higher 
mathematics  have  been  avoided  as  far  as  possible,  and  every 
care  exercised  to  elucidate  the  text  by  abundant  and  appropri- 
ate illustrations. 

C  Numerous  examples  for  practice  are  inserted  at  intervals; 
these,  with  the  text  questions,  help  the  reader  to  fix  in  mind 
the  essential  points,  thus  combining  the  advantages  of  a  text- 
book with  those  of  a  reference  work. 

C  The  Cyclopedia  has  been  compiled  with  the  idea  of  making 
it  a  work  thoroughly  technical  yet  easily  comprehended  by  the 
man  who  has  but  little  time  in  which  to  acquaint  himself  with 
the  fundamental  branches  of  practical  engineering.  If,  there- 
fore, it  should  benefit  any  of  the  large  number  of  workers  who 
need,  yet  lack,  technical  training,  the  publishers  will  feel  that 
its  mission  has  been  accomplished. 

C  Grateful  acknowledgment  is  due  the  corps  of  authors  and 
collaborators— engineers  and  designers  of  wide  practical  expe- 
rience, and  teachers  of  well-recognized  ability— without  whose 
co-operation  this  work  would  have  been  impossible. 
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DYNAMO-ELECTRIC  MACHINERY 

PART  I 


PRINCIPLES  OF  DIRECT-CURRENT  DYNAMOS 

A  dynamo-electnc  machine  is  one  which  converts  mechanical 
Into  electrical  energy,  or  vice  versa,  by  means  of  the  relative  motion 
of  a  conductor  carrying  an  electric  current,  and  an  interlinked  mag- 
netic field.  When  the  conversion  la-  from  mechanical  to  electrical 
energy,  the  machine  is  called  a  generator;  and  when  the  conversion  is 
from  electrical  to  mechanical  energy,  the  machine  is  called  a  motor. 
In  order  fully  to  understand  the  design  and  construction  of  these 
machines,  it  will  fiist  be  necessary  to  consider  tlie  principles  which 
govern  their  action. 

Magnetic  Field.  It  was  early  found  that  pieces  of  a  certain  kind 
erf  iron  ore  were  capable  of  attracting  bits  of  iron.    From  the  name 


of  the  country  in  which  this  peculiar  oxide  of  iron  was  first  found, 
came  the  name  of  articles  made  of  it — i,e.,ma37if/s,  from  "Magnesia," 
in  Asia.     This  oxide  of  iron  is  Fefi^,  commonly  called  Magnetite. 

If  one  of  these  magnets  shaped  as  a  straight  bar  is  held  under 
a  piece  of  cardboard  upon  which  iron  filings  are  sprinkled,  it  will  be 
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found  that  the  filings  settle  down  in  curved  lines  forming  a  magnetic 
figure,  the  general  form  of  which  is  shown  in  Fig.  1 .    When  one  of  the 
poles  of  the  magnet  is  held  toward  the  cardboard,  the  filings  will 
arrange  themselves  as  shown  in  Fig.  2.     These  experiments  show 
that    the    medium    surrounding   a 
magnet  is  in  a  state  of  stress,  the 
space    so    affected   being   called    a 
via(/n«tic  field.    The  influence  of  a 
magnet  is  supposed  to  extend  in  all 
directions  indefinitely;    but   as    fkc 
force   due  to  the  magnet  varies   in- 
versely at  the  square  of  the  distance 
from  it,  the  effect  is  rendered  prac- 
tically negligible  beyond  a  compara- 
tively limited  area. 

^Vhen  a  conductor  carrying  a 
current    of    electricity    is     passed 
through  a  piece  of  cardlxmrd  with  iron  filings  sprinkled  on  the  board 
as  before,  we  see  {Fig.  3)  that  the  filings  arrange  themselves  in  cuned 
lines  similar  to  those  of  Fig.  2;  while,  if  the  return  circuit  of  the  con- 
ductor be  also  poked  through  the  card,  the  filings  assume  the  align- 
ment shown  in  Fig.  4.     From 
the  similarity  of  the  phenom- 
ena, it  may  be  concluded  that 
a  conductor  carrying  an  elec- 
tric   current    is   surrounded 
by   a    magnetic   field   whose 
strength  is  a  direct  function 
of  the  current.   This  was  first 
noted    by   f)ersted,  who    in 
IS20  obsen'ed  that  a  compa.ss 
needle    was    deflected   when 
placed  near  a  conductor  car- 
rying a  current  of  electricity, 
the  direction  of  motion  of  the  needle  depending  upon  the  direction 
of  flow  of  the  current. 

Lines  of  Magnetic  Force.    The  magnetic  figures  in  the  previous 
paragraph  indicate  that  the  stresses  in  the  medium  surroundiiig  a 
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magnet  or  current-carrying  conductor  follow  certain  definite  lines^ 
the  lines  showing  the  direction  of  stress  at  any  point.  These  are 
called  line^  of  magnetic  force.  If,  in  addition,  there  be  drawn  as 
many  lines  per  square  centimeter  cross-section  of  the  field  as  there 
would  be  dynes  of  force  acting  upon  a  unit  magnetic  pole*  placed  at 
that  point,  then  the  total  number  of  lines  of  magnetic  force  represents 
the  magnetic  flux  through  that  cross-section;  and  the  lines  per  square 
centimeter,  the  flux-density. 

Solenoids.  *  Now,  suppose  that  a  wire  is  bent  in  the  form  of  a 
circular  loop  as  in  Fig.  5,  and  further- 
more suppose  that  a  current  is  traversing 
the  conductor  in  the  direction  indicated. 
Then,  according  to  a  rule  suggested  by 
Maxwell, 

"The  direction  of  the  current  and  that 
of  the  resulting  magnetic  force  are  related  to 
one  another,  as  the  rotation  and  travel  of  an 
ordinary  (t.  e.,  right-handed)  screw." 

Consequently  the  lines  of  magnetic  force 
would  surround  the  loop  in  the  manner 
shown.  The  field  of  such  a  loop,  on  be- 
ing explored  with  a  compass  needle  or 
filings,  will  be  seen  to  retain  the  general 
character  of  the  field  surrounding  a 
straight  conductor;  and  consequently  all  the  lines  will  leave  by  one 
face  and  return  by  the  other,  the  entire  number  passing  through  the 
loop.  Hence  one  face  of  the  loop  will  be  equivalent  to  the  north  pok 
of  a  magnet,  and  the  opposite  face  will  correspond  to  the  south  pole. 
In  fact  the  loop  will  act  exactly  as  if  it  were  a  thin  disc  magnet- 
ized perpendicularly  to  its  plane. 

By  placing  side  by  side  several  of  these  current  loops,  with  their 
transverse  axes  in  the  same  straight  line,  there  is  formed  a  solenoid 
(Fig.  6);  and  exploration  of  the  resulting  field  by  any  of  the  above 
methods  shows  that  the  lines  of  force  pass  right  through  the  interior 
of  the  solenoid,  leaving  by  one  end  and  returning  by  the  opposite 
end  as  suggested  by  Maxwell's  rule.  A  cylinder  of  soft  iron  inserted 
in  the  space  within  the  solenoid  will  be  found  to  act  strongly  as  a 

*  A  unit  magnetic  pole  is  one  which,  when  placed  at  a  distance  of  one  centimeter 
from  a  similar  pole,  in  vacuum  or  practically  air,  exerts  upon  it  a  i'orce  of  one  dyne. 


Fig.  5.    Mag^netic  Field  around 
a  (3oDducting  Loop. 
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magnet  when  the  current  flows  around  the  solenoid;  but  if  the  current 
is  interrupted,  the  magnetic  effect  almost  disappears.  Reversal  of 
the  current  will  be  found  to  i-everse  the  polarity  of  the  core,  while 
increasing  the  current  augments  the  magnetic  strength  of  the  coil. 

Toroid.  Bend  the  solenoid  of  the  previ6us  paragraph  around 
until  its  ends  meet;  or  produce  the  same  winding  by  turning  insulated 
wire  around  an  endless  ring  core  of  circular  cross-section.  The 
arrangement  thus  produced  will  be  a  ioroid,  commonly  called  Faraday^ s 
ring;  and  if  the  wires  are  wound  closely  and  uniformly  over  the  whole 
periphery,  the  lines  of  force  will  be  closed  curves  whose  paths  lie 

^_ »--.-^  entirely  within  the 

^  ^ " "  "*  •--  ^  turns ;  consequent- 

ly   there    are    no 
\     external    poles — ^a 
unique  electro- 
>      magnetic  condi- 
tion. 
1  Magneto-Elec- 

tric Induction. 
Thus  far  the  con- 
dition of  the  n^ag- 
netic  field  has  been 
determined  by  means  of  filings  or  magnets;  but  neither  of  these 
methods  can  be  used  to  explore  the  interior  of  an  iron-cored  toroid. 
It  is  possible,  however,  to  employ  for  this  purpose  the  principles 
of  magneto-electric  induction  discovered  by  Faraday  in  1831.  One 
of  the  laws  governing  this  phenomenon,  first  enunciated  by  Neumann 
in  such  manner  as  to  permit  determination  of  the  electromotive  force 
developed,  is  as  follows : 

"Whenever  the  flux  interlinked  with  a  circuit  is  varying,  there  is  an 
e.  m.  f.  acting  around  the  circuit,  proportional  to  the  time  rate  of  change 
of  the  flux,  the  positive  direction  of  the  e.  m.  f.  and  the  positive  direction 
of  the  flux  passing  through  the  circuit  being  related  to  each  other  as  are  the 
rotation  and  travel  of  a  right-handed  screw.  That  is,  if  a  circular  loop  is 
moved  in  the  field  of  a  magnet  in  such  a  way  that  it  does  not  enclose  the 
same  amount  of  flux  at  any  two  successive  instants,  then  thero  is  induced  in 
the  loop  an  e.  m.  f.  whose  value  is  proportional  to  the  change  of  enclosed 
flux  per  imit  time.  A  similar  effect  will  be  obtained  by  keeping  the  loop 
fixed,  and  moving  the  magnet." 


Fig.  (x    Arrangement  of  Conductive  Loops  Forming  a 
Solenoid,  with  Surrounding  Magnetic  Field. 
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We  thus  have  a  way  to  investigate  the  condition  of  the  field 
within  the  solid-cored  toroid  previously  mentioned.  Suppose  a 
loop  of  insulated  wire  to  be  placed  around  the  toroid  in  Fig.  7,  and 
suppose  the  terminals  of  this  loop  to  be  led  to  a  ballistic  galvanometer 
(that  is,  an  instrument  which  will  measure  current  impulses).  Then 
if  the  magnetizing  coil  of  the  toroid  be  energized  by  passing  a  current 
through  it,  the  galvanometer  will  give  a  sudden  throw  the  instant 
the  current  is  started.  Similarly,  when  the  circuit  is  broken  and  the 
current  ceases,  the  galvanometer  indicates  the  passage  of  another 
current  impulse  through  the  loop, 
the  deflection,  however,  being  in  the 
opposite  direction. 

The  loop  is  next  removed  from 
the  toroid  and  placed  in  front  of  an 
iron-cored  solenoid  which  can  be 
energized  or  de-energized  at  will  by 
closing  or  opening  a  switch,  and  it 
will  be  found  that  similar  effects  are 
produced.  Let,  now,  the  electro- 
magnet be  energized  and  de-ener- 
gized periodically,  and  the  loop  or 
exploring  coil  be  turned  so  that  its 
axis  occupies  every  possible  direc- 
tion in  space,  the  center  of  the  loop 
remaining  stationary  throughout.  It  will  be  found  that  when  this 
axis  is  in  one  particular  plane,  no  impulse  will  pass  through  the 
exploring  coil  when  the  exciting  current  of  the  electromagnet  is 
caused  to  flow,  to  cease,  or  to  reverse.  From  what  has  been  ex- 
plained previously,  we  see  that  in  this  case  the  loop  interlinks  with 
no  flux,  hence  its  plane  must  be  parallel  to  the  direction  of  the  flux. 
Also  we  see  that  when  the  plane  of  the  loop  takes  any  other  posi- 
tion, the  flux  interlinked  with  it  depends  upon  the  relation  be- 
tween the  plane  of  the  loop  and  the  direction  of  the  flux.  If  we 
call  the  angle  between  the  direction  of  the  flux  and  the  axis  of  the 
loop  a ,  the  flux  enclosed  by  the  loop  for  any  given  value  of  the 
exciting  current  of  the  electromagnet  will  be  proportional  to  the 
cosine  of  a.  The  quantity  we  are  thus  investigating  is  a  directed 
quantity,  and  may  therefore  be  represented  by  a  vector. 


Pig.  7 


Lines  of  Force  in  Toroid  Sur- 
rounded by  a  Magnetizing  Coil. 
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Lines  of  Magnetic  Induction.  This  quantity  is  called  the 
magnetic  induction  or  flux,  and  its  direction  at  any  point  is  defined 
as  that  of  the  axis  of  the  loop  when  in  the  position  giving  the  greatest 
inductive  effect  on  energizing  or  de-energizing  the  electromagnet.  Its 
direction  is  also  defined  by  Neumann's  law.  If,  now,  a  curve  be  drawn 
following  the  direction  of  the  fiux,  this  curve  will  be  a  line  of  mag- 
netic induction.  The  fiux  and  flux-density  are  defined  in  a  way 
precisely  similar  to  magnetic  force. 

Relation  between  Magnetic  Force  and  Magnetic  Induction.  In 
the  earliest  of  Faraday*s  experiments  with  solenoids,  he  found  that 
the  flux  through  any  of  these  was  much  greater  when  iron  was 
inserted  than  when  air  or  wood  w  as  enclosed  by  the  coil  of  wire.  He 
ascribed  this  peculiar  circumstance  to  the  greater  ''conducting  power 
of  the  nvignetic  mtxiium  for  lines  of  force."  Ix)itl  Kelvin  introduced 
the  phrase  magnetic  permeability  for  this  property  of  magnetic  ma- 
terials, and  it  is  defined  as  the  ratio  between  the  magnetic  induction 
(B)  produced  in  the  medium  and  the  magnetic  force  (//)  to  which 

that  induction  is  due;  i.  e,, 

B 

Magnetic  Permeability.  The  precise  notion  now  attached  to 
this  term  is  that  of  a  numerical  coefficient,  and  it  is  analogous  to 
electrical  conductivity.  Its  value  is  dependent  upon  the  character 
of  the  substance  and  the  magnetizing  force  or  m.  m.  f.  applied  to 
the  substance.  For  vacuum  its  value  is  unity;  for  air  it  is  practically 
unity;  for  magnetic  materials  it  is  greater  than  1  and  may  reach  2,500 
for  soft  iron;  while  for  diamagnetic  materials  it  is  slightly  less  than  1. 
The  permeability  of  such  non-magnetic  materials  as  silk,  cotton,  and 
other  insulators,  also  of  brass,  copper,  and  other  non-magnetic 
metals,  is  taken  as  unity,  being  practically  the  same  as  for  air. 

The  permeability  of  iron,  however,  varies  very  greatly  with  the 
degree  to  which  it  has  been  magnetized.  In  all  kinds  of  iron  (after 
passing  the  initial  stage  mentioned  below),  the  magnetizability  of 
the  material  becomes  diminished  as  the  actual  magnetization  is 
pushed  further;  in  fact,  there  is  a  tendency  to  magnetic  saturation. 
In  other  words,  when  the  piece  of  iron  has  been  magnetized  up  to  a 
certain  degree,  it  becomes  less  permeable  to  further  magnetization; 
and  although  actual  saturation  is  never  reached,  there  is  a  limit 
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beyond  which  the  magnetization  cannot  be  increased  with  practical 
advantage.  This  is  ahdwn  in  Fig.  8,  which  represents  the  per- 
meability cun'e  of  a  sample  of  good  iron  or  steel  as  used  in  dynamo 
magnet  construction.  The  practical  limit  of  the  flux-density  (fi) 
in  good  wrought  iron  and  in  mild  steely  is  about  20^000  lines  of  mag- 
netic induction  per  square  centimeter;  and  in  cast  iron  the  saturation 
limit  in  practice  is  about  12,000  lines  per  square  centimeter.  In 
square-inch  units  these  limits  are,  for  wrought  iron  and  mild  steel, 
about  125,000  or  130,000  lines  per  square  inch;  and  for  cast  iron, 
about  70,000  lines  per  square  inch. 

Magnetic  Circuit.  Returning  to  the  toroid  of  Fig.  7,  we  see  that 
the  lines  psLSS  through  the  interior  of  the  toroid,  forming  a  closed  mag- 
netic circuit.  Now,  it  is  found  that 
the  total  flux  within  the  toroid  is 
equal  to  the  ratio  between  the  mag<- 
netomotive  force  acting  around  the 
magnetic  circuit  and  the  reluctance 
of  that  circuit;  that  is 
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Pig.  8.    Permeability  Curve  of  Iron  or 

Steel  Used  in  Dynamo  Magnet 

Construction. 


in  which, 

<l>  =  Total  flux; 

m.  m.   f.  =  Magnetomotive 
force; 

R  =  Magnetic    reluc- 
tance. 

Magnetomotive  Force.  By  this  term  is  meant  the  total  mag^ 
netizing  power  of  an  electric  current  circulating  in  a  coil.  It  is  found, 
when  a  current  flows  in  a  wire  wound  several  times  around  a  coa%  as 
in  Fig.  9,  that  the  magnetizing  power  is  proportional  both  to  the 
strength  of  the  current  and  to  the  number  of  turns  of  wire.  The 
magnetizing  power  is  independent  of  the  size  of  the  wire  or  the  coils 
and  of  their  shape,  remaining  also  the  same  whether  the  spirals  arc 
close  together  or  wide  apart.  Hence  if  T  be  the  number  of  turns  in 
the  coil,  and  /  be  the  current  in  amperes  passing  through  each  turn, 
the  magnetomotive  force  is, 

m.  m.  f-  =  ]o^  ^  X  ^  ^  =  1.257  77. 
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A  straight  conductor  carrying  an  electric  current  of  which  the 
return  is  very  distant,  as  in  Fig.  10,  is  suitounded  by  circular  con- 
centric lines.    Taking  one  of  these  lines  at  a  distance  r  centimeters 

from  the  axis  of  the  wire,  which  we 
suppose  to  be  carrying  /  amperes 

(that  is, —units  of  current  in  C. 

G.  S.   electromagnetic  units),  the 

intensity  of  the  field  at  any  point 

at  radius  r  has  the  uniform  value 

2J  .        .       . 

rTTi^nd  its  direction  is  that  of  the 

lOr 

given  line,  of  which  the  length  is 
2irr.  Hence  the  total  force  around 
the  circle  of  radius  r  concentric 
with  the  axis  of  the  conductor,  will 

"be  the  product  of  the  force  at  any  point  of  its  circumference  into  the 

length  of  this  circumference;  i.  e., 

27       ^  47r  - 

^X2nr  =  ^I. 


Fie.  0.   Showing  Relation  between 

Auignetizing  Power  of  a  Coil  and 

Its  Number  of  Turns. 


Down 

Fig.  10.    Illustrating  Variation  In  Intensity  oT  Magnetic  Field  Surrounding  a  Conductor 

with  Distant  Return. 

And  if  the  single  wire  be  replaced  by  T  turns,  the  force  will  be  T 
times  as  large,  or  —  IT,  IT  being  called  the  ainperc-turns. 

Reluctance.    We  have  seen  from  the  equation  of  the  magnetic 
circuit,  that  the  total  flux  is  inversely  proportional  to  the  reluctivity 
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of  the  materials  of  which  it  is  composed;  it  is  directly  proportional 
to  the  permeability  which  is  the  reciprocal  of  the  reluctivity.  The 
reluctance  or  magnetic  resistance  of  a  circuit  is  therefore  obviously 
proportional  to  its  length,  and  inversely  proportional  to  its  area  of 
cross-section  and  its  permeability;  that  is, 

t*A 

In  designing  electromagnets,  before  calculations  can  be  made 
as  to  the  size  of 
the  iron  core  re- 
quired, it  is  nec- 
essary to  know 
the  magnetic 
properties  of 
that  particular 
iron; for  it  is  ob- 
vious that  infe- 
rior permeability 
demands  a  larger 
cross-section  to 
obtain  a  given 
flux,  or  inferior 
permeability  will 
require  more  turns  of  copper  wire  to  be  used. 

Magnetization  Curves.  A  convenient  method  of  studying  the 
magnetic  facts  respecting  any  particular  brand  of  iron,  is  to  plot  as 
a  diagram  the  cvrve  of  magnetmation — that  is,  the  curve  representing 
the  relation  between  the  magnetic  force  plotted  horizontally,  and 
the  magnetic  induction  plotted  vertically. 

The  upper  curve  in  Fig.  II  gives  the  behavior  of  annealed 
wrought  iron.  The  ascending  curve  shows  the  relation  between  the 
intensity  of  the  magnetizing  force  II  and  the  flux-density  B  during 
the  process  of  increasing  the  magnetizing  force  from  zero  to  about 
210  units;  and  the  descending  line  shows  the  same  relation  during 
the  process  of  decreasing  the  magnetizing  force  to  zero,  and  then 
reversing  it  so  as  to  remove  the  residual  magnetic  lines.  Tlie  lower 
curve  shows  the  behavior  of  grey  cast  iron. 

Every  sample  of  iron  will  show  a  similar  set  of  results,  which  can 


Flg.n.   Magnetization  Curres  of  Wrougbt  Iron  and  Cast  Iroo. 
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be  plotted  in  the  form  of  a  curve  that  is  characteristic.  The  curves 
for  cast  iron  and  hard  steel  always  have  lower  values  than  those  for 
wrought  iron  or  mild  steel.  In  addition,  it  will  usually  be  noted  that 
when  a  fresh  piece  of  iron  or  steel  is  subjected  to  a  gradually  increasing 
magnetizing  force,  the  lowest  part  of  the  curve  presents  near  its 
origin  a  small  concavity  (see  Fig.  11),  showing  that  under  certain 
magnetizing  forces  the  permeability  is  greater  than  at  the  initial 
stage.    This  concavity  is  more  pronounced  in  the  case  of  hard  iron 

and  steel  than  in  the 
»«oooh= 1 ^  ^.4  j^t^Aeaie" !'■    '"      I        case  of  soft  iron ,  bu t 

the  curves  differ  in 
detail  even  in  differ- 
entspecimensof  the 
same  sort  of  iron. 
Fig.  12  gives  a 
comparative  idea 
of  the  relation  be- 
tween the  magnetic 
properties  of  the 
various   irons    and 

0       5         10  20  30  40  30 

Fig.  le.    Mftgnetizatlon  Curves  of  Various  Irons  and  Steels      steels  USed  in  dyna- 
Used  in  Dynamo  Construction.  .     , 

mo  manufacture. 
Effect  of  Air^iap  In  Magnetic  Circuit.  Thus  far  we  have  con- 
sidered the  magnetic  circuit  as  made  up  of  a  solid,  endless  ring  of 
iron.  But  suppose  it  to  be  built  up  partly  of  iron  and  partly  of  some 
non*magnetic  material,  as  air  or  copper.  We  then  have,  as  the  total 
reluctance  of  the  magnetic  circuit,  the  sum  of  the  reluctances  of  the 
various  parts  of  the  circuit.  For  example,  if  we  have  a  ring  made  up 
of  li  centimeters  of  iron  and  /a  centimeters  of  air,  the  reluctance  of  this 
magnetic  circuit  would  be, 


-^000 


K  = 


+ 


/il  Ai        A*a  ^a 

in  which  ft  and  A  are  respectively  the  permeability  and  cross-sec- 
tional area  of  the  materials  denoted  by  the  subscripts. 

It  follows,  then,  that  the  total  flux  ol  such  a  circuit  would  be, 

,  ^         OAnI T 

Mi  Ai        /ia  A^ 

in  which  /  T  represents  the  ampere-turns  and  .4  tt  =  1.257  as  before. 
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.  Since  the  magnetic  permeability  of  air  is  constant  and  prac- 
tically equal  to  unity^  we  see  that  an  air*gap  or  its  equivalent  intro- 
duced into  a  magnetic  circuit  previously  consisting  of  iron,  will 
increase  the  m.  m.  f.  required  to  produce  the  same  flux  as  before, 
due  to  the  inferior  permeability  of  the  non-magnetic  portion. 

S.  P.  Thompson  makes  this  plain  by  a  graphical  method  as 
follows: 

"The  curve  OeC  (Fig.  13)  represents  the  relation  between  the  number  of 
magnetic  lines  in  an  iron  bar  and  the  ampere-turns  (^Hl  -r-  1.257)  needed  to 
force  these  magnetic  lines  through  the  iron.  For  example,  to  reach  the  height 
c,  the  excitation  has  to  be  of  the  value 
represented  by  the  length  0«i.  On  the 
same  diagram  the  line  OhB  represents 
the  relation  between  the  magnetic  flux 
across  the  air-gap  and  the  ampere- 
turns  of  current  (stream)  required  to 
force  this  flux  across.  If  the  gap  were 
1  centimeter  long,  0.705  ampere-turn 
would  produce  the  field  if  —  B  —  1. 
In  the  present  case  the  gap  is  sup- 
posed to  be  shorter  than  1  centimeter,, 
the  line  sloping  up  at  such  an  angle 
that  the  length  Ox%  represents  the 
ampere-turns  requisite  to  bring  the 
magnetic  flux  up  to  6,  the  same  height 
on  the  scale  as  c.  The  total  amount 
of  excitation  required  to  force  these 
magnetic  lines  through  air  and  iron  will  (neglecting  leakage)  be  the  sum  of 
the  separate  amounts.  The  point  xs  is  chosen  so  that  Oxt  is  equal  to  the 
sum  of  Ox\  and  Oxh,  or  that  the  distance  of  the  point  r  from  the  vertical  axis 
is  equal  to  the  sum  of  the  respective  distances  of  c  and  h*  If  the  same  thing 
is  done  for  a  large  number  of  corresponding  points,  the  resultant  curve  OrR 
may  be  constructed  from  the  two  separate  curves.  It  will  be  seen,  then, 
that  in  general  the  presence  of  a  gap  in  the  magnetic  circuit  has  the  effect 
of  causing  the  magnetic  curve  to  rake  over,  the  initial  slope  being  determined 
by  the  air-gap.*' 

Effect  of  Joints  in  the  Magnetic  Circuit,  Ewing*  tried  the  effect 
of  different  numbers  of  joints  in  the  iron  of  a  magnetic  circuit  for 
various  magnetizing  forces,  his  results  being  given  in  Fig.  14.  They 
refer  to  a  bar  of  wrought  iron  cut  across,  first  into  two  pieces,  then 
into  four,  and  finally  into  eight  pieces.  He  also  found  that  when  the 
faces  of  a  cut  were  carefully  surfaced  up  to  true  planes,  the  disad- 
vantageous effects  of  the  cut  were  considerably  reduced,  and  under 

•  "Magnetic  Induction  in  Iron  and  Other  Metals,**  London,  iSM,  pages  SOS  to  S7S. 


!  A>»^m-njwn«   Ar  excitation 


Fie.  13.    Graphical  Method  of  Showing 
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Effect  of  Air-Gup  iu  a  Mannetlc  Circuit. 
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considerable  pressure  applied  externally  almost  vanished.  An  ordi- 
nary jomt  is  equivalent  to  an  air-gap  of  about  .005  cm.  =  .002  inch. 
Effects  of  Heat.  When  iron  is  raised  to  600°C.,it  begins  to  lose 
its  magnetic  properties;  and,  if  the  temperature  is  increased  to  780°C., 
they  entirely  disappear.  At  temperatures  between  0°C.  and  100°C., 
various  other  effects  have  been  noted,  such  as  aging — that  is,  an 
increase  in  the  hysteresis.    In  dynamos,  however,  these  effects  are 

practically  negligible,  since  the 
working  temperature  should  not  ex- 
ceed 75°C. 

Residual  Magnetism.  It  has 
been  found,  when  the  magnetizing 
forces  have  been  removed  from  a 
specimen  of  iron,  that  it  still  exhib-. 
its  some  phenomena  of  magnetism. 
This  residual  magnetism  depends 
for  its  magnitude  upon  the  charac- 
ter of  the  iron  or  steel,  being  greater 
in  the  harder  grades  than  in  the 
softer  ones. 

Referring  to  Fig.  11,  it  will  be 
seen  that'  when  a  specimen  of 
wrought  iron  was  magnetized  to  a 
high  flux-density,  and  the  m.  m.  f.  then  reduced  to  zero,  the  flux- 
density  diminished  only  to  about  7,300  lines  per  square  centimeter, 
the  descending  curve  of  magnetization  being  above  the  ascending 
one.  The  name  remanence  is  given  to  the  lines  per  square  centi- 
meter so  remaining.  Furthermore,  in  order  to  remove  this  rema- 
nence, it  is  necessary  to  apply  a  certain  negative  magnetizing  force, 
termed  by  Hopkinson  the  coercive  force.  It  varies  in  magnitude 
from  2  for  soft  wrought  iron,  to  about  80  units  or  more  for  hard  stoel. 
Effects  of  Cycles  of  Magnetization.  This  tendency  of  the  mag- 
netic effects  tolag  behind  the  forces  producing  thera  has  been  named 
by  Ewing  hysteresis,  and  is  best  studied  by  subjecting  tlie  iron  speci- 
men to  one  or  more  complete  cycles  of  magnetization.  For  instance, 
suppose  the  m.  m.  f.  applied  to  a  piece  of  iron  to  b6  increased 
gradually  from  zero  to  a  maximum  value,  then  decreased  through 
zero  to  an  equal  negative  maximum,  and  Anally  to  reverse  and  return 


60 


Fig.  14.   Curres  Showing  Effects  of 
Joints  in  Magnetic  Circuit. 
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through  zero  to  the  positive  maximum  value.  The  magnetic  changes 
for  such  a  complete  cycle  are  shown  in  Fig.  15  for  specimens  of  iron 
and  steel  respectively. 

The  process  as  shown  by  the  diagram,  is  started  with  the  flux- 
density  and  m.  m.  f.  at  .zero.  The  latter  is  then  increased  to  about 
60  units,  in  the  case  of  the  piece  of  iron,  the  resulting  flux-density 
l)eing  16,000.  The  m.  m.  f.  is  then  reduced  to  zero,  the  flux- 
density  only  decreasing  to  12,800.  At  a  m.  m.  f.  of  -3,  the  flux- 
density  is  brought  to  zero;  that  is, —3  is  the  coercive  force,  and  12,800 
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Fig.  15b    Carres  Showing  Magnetic  Changes  In  Iron  and  Steel  Dae  to  Oomplete  C^oles 

of  Magnetization. 

the  remanence.  With  a  m.  m.  f.  of —60,  the  flux-density  is— 15,500; 
and  varying  the  m.  m.  f.  from  this  point  to  zero,  leaves  the  specimen 
with  a  flux-density  of— 12,000.  Further  increasing  the  m.  m.  f. 
until  the  flux-density  becomes  zero,  the  final  m.  m.  f.  is  found  to  be 
+  3.  From  this  point  the  m.  m.  f.  is  increased  to  its  former  maximum 
value,  this  ascending  curve  differing  a  little  from  the  first.  Thus 
we  see  that  when  a  specimen  of  magnetic  material  is  put  through  a 
complete  magnetic  cycle,  the  coincident  values  of  the  m.  m.  f.  and 
the  flux-density  form  a  close  curve.  The  area  thus  enclosed  has  been 
ahown  by  Warburg  and  Ewing  to  represent  the  energy  wasted  as 
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TABLE  I 
Hysteretlc  Constants  for  Different  Materials 


Matebial 


Very  soft  iron  wire. 

Very  thin  soft  sheet  iron. . . 

Thin  good  sheet  iron 

Thick  sheet  iron 

Most  ordinary  sheet  iron . .  . 
Transformer  cores 


Htbter- 
BTic  Con- 
stant f^ 


.002 

.0024 

.003 

.0033 

.004 

.0045 


Material 


Htster- 
ETic  Con- 
stant ?y 


Soft  annealed  cast  steel . 

Soft  machine  steel 

Cast  steel 

Cast  iron 

Hardened  cast  steel 


.008 

.0094 

.012 

.016 

.025 


heat  in  the  material,  when  the  specimen  is  put  through  a  complete 
cycle;  and  its  value  depends  upon  both  the  character  of  the  material, 
and  the  degree  of  magnetization,  being  greater  for  hard  steel  than 
for  soft  iron  with  the  same  range  of  magnetization. 

Iron,  when  placed  in  an  alternating  magnetic  field,  is  not  only 
subjected  to  the  hysteresis  phenomena  above  considered,  but  it  also 
becomes  subjected  to  a  set  of  parasitic  electrical  currents.  These  tend 
further  to  heat  the  iron,  and  are  called  FoucauU  or  eddy  currents; 
their  path,  by  Maxwell's  law,  is  perpendicular  to  the  direction  of  the 
flux.  Their  value  may  be  lessened  by  increasing  the  resistance  of 
their  path — that  is,  by  laminating  the  iron  in  a  direction  parallel 
to  the  direction  of  the  flux  and  perpendicular  to  the  path  of  these 
currents,  each  sheet  of  iron  being  insulated  from  its  neighbors.  In 
practice,  these  laminae  vary  from  about  15  to  25  mils  (0.015  inch  to 
0.025  inch)  in  thickness. 

Calculation  of  Heat  Waste  in  Iron  Cores.  From  consideration 
of  a  great  many  tests  of  hysteretic  losses,  Dr.  C.  P.  Steinmetz  pro- 
posed the  following  law  connecting  the  hysteresis  loss  h  in  ergs  per 
cubic  centimeter  per  cycle  and  the  maximum  flux-density  B  attained 

during  a  cycle: 

h^vB'\       . 

wherein  i;  is  a  coeflicient  called  the  hysteretic  constant,  depending 
for  its  value  upon  the  quality  of  the  material.  Some  of  these  con- 
stants are  given  in  Table  I  for  ordinary  frequencies.  This  law  is 
practically  true  for  all  cycles  ranging  up  to  200  per  second. 

By  applying  the  proper  transformation  factors,  the  Steinmetz 
formula  reduces  to : 

PTh  •=  0.83  XVX  I  X  B> «  X  10-^ 
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wherein 

W^  —  Hyatereaia  loaa  in  watta  per  cubic  inch  of  iron; 
/    —  Frequency  in  cycles  per  second; 
B   "  Flux-density  in  lines  per  square  inch. 
In  Fig.  16  are  given  graphically  the  hygtereais  losses  in  watts  per 
cubic  inch  of  iron  per  cycle  per  second,  with  various  hysteretic 
constants. 

Besides  the  hysteretic  loss  in  iron  cores,  there  is  also  the  eddy- 
current  loss,  which  varies  directly  as  the  square  of  the  thickness  of 
the  iron  laminEe,  as  the  square  of  the  maximum  flux-density,  and  as 


Fltf.  17.  CnrvM  Showlni  BddT-Onrr 

Cosset  In  Iron  of  Varrliis  Talckne 

under  Varrlog  PluxDenslt;. 


the  square  of  the  frequency.    The  formula  obtained  by  calculation 
and  found  to  agree  closely  with  practice,  is; 

W,  -  40.6  X  P  X  B'  X  n'  X  10"", 
wherein 

W,  =  Watts  loss  due  to  eddy  currents  per  cubic  inch  of  iron; 
t     =  Thickness  of  the  iron  plates,  in  inches;  and  the  other  symbols 
have  the  meanings  previously  assigned. 

Fig.  17  exhibits  values  of  W^  graphically  for  various  thicknesses 
of  iron  over  wide  ranges  of  tlux-density  at  one  cycle  per  second. 

The  sum  of  these  losses  for  any  electrical  machine  ia  called  for 
bre*'ity  the  iTon-losaes  of  that  macbine.  Calculations  for  actual 
machines  will  be  given  later. 
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Rotational  Hysteresis.  When  a  piece  of  iron  b  rotated  in  a 
magnetic  fields  it  passe3  through  a  magnetic  cycle,  but  in  a  way  far 
different  from  that  which  has  been  described.  Mordey  found  the 
losses  to  be  sUghtly  lower  for  rotation  than  for  reversal;  while  Baily 
went  further  and  showed  (Fig.  18)  that  the  former  loss  was  slightly 
greater  than  the  latter  for  flux-densities  up  to  15,000  Unes  per  square 
centimeter,  but  that  beyond  this  point  the  loss  due  to  rotation 
rapidly  diminished  with  increase  in  flux-density. 

Owing,  however,  to  eddy-current  losses,  the  flux-densities  in 
those  parts  of  electrical  machines  which  rotate  in  a  fixed  magnetic 

field  are  not  allowed  to  exceed 
15,000  lines  per  square  centi- 
meter (15,000  X  6.45  lines  per 
sq.  in.),  except  in  the  arma- 
ture teeth  of  direct-current 
machines.  We  may  therefore 
neglect  this  diflference,  as  is 
usual  in  practice,  and  may  cal- 
culate both  kinds  of  hysteresis 
loss  by  the  formula  previously 
given.  According  to  Ewing, 
this  rotation  loss  is  molecular 
magnetic  friction  and  not  true 
hysteresis,  because  the  mag- 
netization does  not  necessarilv 
lag  behind  the  m.  m.  f. 
Miscellaneous  Magnetic  Effects.  Retardation  of  Magnetization, 
It  has  long  been  known  that,  owing  to  the  eddy  currents  produced 
in  the  iron  cores  of  electromagnets,  the  magnetism  of  the  inner  part 
builds  up  less  rapidly  than  that  of  the  outer  parts.  Similarly,  when 
the  m.  m.  f.  is  cut  off,  the  inner  part  of  the  core  retains  its  magnetism 
longer  than  the  outer  parts.  In  dynamos  with  large  field-magnets, 
several  minutes  may  elapse  before  the  field  will  build  up  or  change, 
and  Hopkinson  has  shown  that  the  retardation  varies  as  the  square 
of  the  linear  dimensions  of  the  core. 

Magnetic  Creeping.  Ewing  found  that  when  a  steady  m.  m.  f. 
was  applied  to  a  specimen  of  iron,  and  the  magnetism  measured 
at  intervals,  the  flux-density  kept  continually  creeping  up  although 
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the  m.  m.  f.  was  absolutely  constant.  He  named  this  viscous  hys- 
teresis; but  it  is  a  true  magnetic  lag,  arid  must  not  be  confounded 
with  the  lag  in  phase  resulting  in  the  formation  of  a  loop,  or  the  lag 
due  to  self-induction  occasioned  by  eddy  currents  in  the  iron. 

Slow  Changes  in  iJie  Magnetic  Properties  of  Iron.  When  iron  is 
continually  subjected  to  rapidly  alternating  flux-densities,  especially 
when  the  temperature  rises  above  100°C.,it  is  found  that  the  hysteretic 
loss  is  perceptibly  increased.  This  effect  has  been  observed  in  con- 
nection with  transfonners,  where  the  iron  losses  play  an  important 
part  in  the  working;  but  in  continuous-current  dynamos  and  motors 
the  effect  is  negligible.    (See  page  12). 

Magnetic  Dampers.  If  a  magnetic  flux,  whether  in  air  or  iron 
be  surrounded  by  a  closed  electrical  circuit,  any  change  in  the  value 
of  the  flux  will  induce  an  e.  m.  f.  in  that  metallic  circuit,  tending 
to  oppose  the  flux  change.  It  has  suggested  itself,  therefore,  to 
builders  of  dynamos,  to  surround  the  magnet-poles  with  copper 
bands  in  order  to  reduce  the  possibility  of  sudden  field  fluctuation. 
This  feature  is  employed  extensively  in  alternating-current  generators, 
synchronous  motors,  and  rotary  converters,  under  the  name  of 
dampers  or  damping  tings. 

Generation  of  E.  M.  F.  by  Cutting  Flux.  Wlienever  lines  of 
magnetic  flux  are  cut  by  a  conductor,  an  e.  m.  f.  is  produced  in  that 
conductor,  the  value  of  the  e.  m.  f .  being  one  volt  when  100,000,000 
or  10'  lines  are  cut  per  second.  In  other  words,  the  e.  m.  f.  depends 
solely  upon  the  time  rate  of  cutting,  so  that  one  volt  would  also  be 
set  up  if  10'  lines  were  cut  in  one-hundredth  of  a  second.  In  both 
cases  the  time  rate  of  cutting  is  supposed  to  be  uniform  throughout 
the  given  time. 

The  generation  of  e.  m.  f.  is  absolutely  certain,  no  matter 
when  or  by  what  process  the  lines  are  cut.  A  current,  however,  will 
flow  only  when  there  is  a  closed  electrical  circuit.  A  straight  bar  of 
copper,  for  example,  cutting  across  a  magnetic  field,  would  have  a 
potential  difference  established  between  its  ends;  but,  excepting  a 
slight  displacement  current  at  the  start,  no  current  would  flow  until 
the  electrical  circuit  was  completed.  We  should  distinguish,  there- 
fore, between  the  generation  of  an  e.  m.  f.  and  the  flow  of  a  current. 
Thus,  it  may  happen  that  two  or  more  opposing  voltages  neutralize 
each  other,  so  that  no  current  whatsoever  flows,  even  though  the  elec- 
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trical  circuit  is  complete.  This  is  the  case  when  a  copper  ring  is  moved 
in  its  own  plane  across  a  uniform  field;  the  two  halves  cut  an  equal 
number  of  lines,  and  the  e.  n^.  f .  produced  in  one  half  is  exactly  equal 
but  opposite  to  that  produced  in  the  other  half  of  the  ring,  making 
the  current-flow  zero.  This  explains  the  fact  that  the  flux  in  a  coil  of 
wire  must  be  varied  in  order  to  permit  a  current  to  flow;  or,  in  other 

words,  the  coil  must 
be  filled  with  and 
emptied  of,  lines  of 
magnetic  induc- 
tion, in  which  case 
an  alternating  cur- 
rent is  produced. 
This  is  often  stated 
so  broadly,  how- 
ever, that  it  seems 
to  mean  that  an 
e.  m.  f.  cannot  be 
obtained  in  a  uni- 
form field.  As  al- 
ready stated,  an  e.  m,  f.  miLsi  be  produced  whenever  magnetic  lines 
are  cut,  though  a  flow  of  current  may  not  result. 

Elementary  Generator.  The  simplest  form  of  generator  con- 
sists of  a  loop  of  wire  arranged  to  rotate  in  a  uniform  magnetic  field, 
Fig.  19.  The  generation  of  e.  m.  f.  in  such  a  dynamo  will  be  as 
follows:-  Assume  the  loop  with  its  plane  parallel  to  the  direction  of 
the  flux.  If,  then,  the  loop  be  rotated  counter-clockwise  about  its 
axis  XY,  the  sides  AB  and  CD,  which  cut  lines  of  magnetic  induction, 
will  have  an  e.  ra.  f .  induced  in  them  that  will  tend  to  cause  a  current 
flow  in  the  directions  indicated  by  the  arrows.  The  value  of  this 
e.  m.  f.  will  depend  upon  the  speed  or  time  rate  of  cutting;  and  since 
this  rate  is  greatest  when  the  plane  of  the  loop  is  parallel  to  the  direc- 
tion of  the  flux,  the  e.  m.  f.  developed  at  the  instant  represented 
in  Fig.  19  will  be  a  maximum.  As  the  loop  approaches  the  90^  or 
vertical  position,  the  generated  e.  m.  f.  gradually  decreases  because 
the  rate  of  cutting  is  diminishing,  until,  at  the  90°  position,  the  cutting 
of  the  flux  and  the  generated  e.  m.  f .  are  both  zero.  If  the  rotation  is 
continued,  the  rate  of  cutting  gradually  increases  until  the  180° 


Fig.  19.    niustratlng  the  Elementary  Principles  of  the 

Generator. 
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position  is  reached,  where  it  again  becomes  a  maximum,  so  that 
the  e.  m.  f.  generated  at  this  intant  is  also  a  maximum.  The  cut- 
ting, however,  in  the  two  quadrants  following  the  90°  position,  has 
been  in  the  opposite  direction  to 
that  occurring  in  the  first  quadrant, 
so  that  the  direction  of  the  e.  in.  f. 
generated  in  the  second  and  third 
quadrant  is  reversed  with  respect 
to  that  generated  in  the  first  quad- 
rant. In  passing  from  the  180° 
position  to  the  270°  position  the 
rate  of  cutting  and  the  generated 
e.  m.  f.  again  diminish  to  zero;  and  from  270°  to  tlic  3()C°  or  0°  po- 
sition, the  rate  of  cutting  increases  and  the  direction  of  the  gener- 
ated e.  m.  f.  is  the  same  as  that  produced  in  the  first  quadrant,  tlie 
e.  m.  f.  rising  once  more  to  a  maximum  value  at  the  360°  position. 
Plotting:  the  various  instantaneous  values  of  the  e.  m.  f.  so 
generated,  we  obtain  the  curve  shown  in  Fig.  20.     Such  an  e.  in.  f. 


Fig.  20.    E.  M.  F.  Curve  of  Simple 
Generator  Showu  in  Fig.  19. 


Fig.  21.    Simple  Commutator  Connected 
to  Loop  with  Single  Turn. 


Fig.  23.    Simple  Commutator  Connected 
to  Loop  with  Double  Turn. 


is  called  an  alternating  one,  because  of  its  reversal  from  positive  to 
negative  values;  that  is,  it  tends  to  produce  a  current,  first  in  one 
direction  and  then  in  the  other  direction,  through  the  circuit.  If, 
however,  it  is  desired  to  supply  the  external  circuit  with  a  direct  or 
continuous  current,  a  special  rectifying  device  called  a  commutator 
must  be  added. 
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In  its  simplest  fonn,  a  commutator  consists  of  a  metallic  tube 
slit  longitudinally  into  two  equal  parts  and  mounted  on  a  cylinder 
of  insulating  material,  each  half  being  connected  to  one  terminal  of 
a  loop  as  indicated  in  Fig.  21.     Fig.  22  shows  a  similar  arrange- 


Flg.  23.    Simple  Form  of  Generator,  Showing  Arrangement  of  Brushes  in  Contact 
with  Commutator  to  Give  Unidirectional  Current  in  External  Circuit. 

ment,  except  that  the  loop  has  two  turns  instead  of  one.  Against 
this  commutator,  at  diametrically  opposite  points,  press  a  pair  of 
metallic  springs  or  brushes  which  lead  the  current  due  to  the  gen- 
erated e.  m.  f.  to  the  external  circuit.  If,  as  in  Fig.  23,  these  brushes 
are  so  set  that  each  half  of  the  split  tube  moves  out  of  contact  wnth 
one  brush  and  into  contact  with  the  other  brush  at  the  instant  when 
the  loop  is  passing  through  the  positions  where  the  time  rate  of 
cutting  is  minimum  (as  indicated  in  the  enlarged  end  view  of  com- 
mutator shown  at  A), the  alternat- 
ing e.  m.  f.  generated  will  produce 
in  the  external  circuit  a  rectified, 
commutated,  or  unidirectional  cur- 
rent. That  is,  the  current  in  the 
external  circuit  will  flow  in  one 
direction.  If  this  external  current  be  plotted,  it  will  be  of  the 
pulsating  character  shown  in  Fig.  24.  This  explanation  need  not 
be  changed,  if,  for  a  single  loop,  we  substitute  a  coil  wound  on  an 
iron  ring  as  in  Fig.  25.  The  effect  of  this  is  to  increase  the  gener- 
ated e.  m.  f.  by  increasing  the  number  of  times  the  electrical  circuit 
cuts  the  flux.  Now,  referring  again  to  Fig.  21,  suppose,  instead  of 
one  coil  as  there  shown,  we  have  two  coils  mounted  side  by  side  and 


O"  90°  1QO°         270°         360** 

Fig.  S4.   Curve  of  Commutated  Current. 
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connected  in  parallel  to  the  commutator  segments,  we  shall  then 
obtain  the  elementary  conditions  shown  in  Fig.  26.  If,  then — 
similarly  to  the  arrangement  developed  in  Fig,  25 — we  place  an  ex- 


ng.  tfl.   simple  BIhe 


actly  similar  coil  at  the  opposite  side  of  the  ring,  a.s  in  Fig.  27,  wc 
see  that  when  its  terminals  are  connected  to  the  same  two  half- 
rings  as  the  first,  the  two  coils  are  in  parallel,  and  though  the 


Pig.  71.    Slmplo  RIIiK  A 
Two  Colls  Id  Pai 


voltage  generated  by  revolving  thi.s  winding  with  two  coils  is  no 
greater  than  with  one  coil,  the  current-carrying  capacily  of  the  re- 
sultant winding  b  evidently  doubled. 
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The  current  obtained,  however,  from  this  arrangement  has  the 
disadvantage  of  being  pulsating,  as  already  shown.  To  give  con- 
tinuity to  the  external  current  we  must  multiply  the  number  of  gen- 


O^  90**         180'        270"        3e0'      90"  160*        270'       360' 

P^g.  8ft.    Curve  of  E.  M.  F.  and  Current  Generated  by  Armature  Arrangement  of  Fig.  28. 


crating  coils,  and  also  the  number  of  commutator  segments,  arrang- 
ing the  coils  around  the  armature  so  that  one  set  will  come  into  action 
before  the  other  set  goes  out.  If,  then,  we  place  upon  the  iron  ring 
two  additional  sets  of   coils  at  right  angles  with  the  first  set,  as  in 

Fig.  28,  one  set  will 
be  in  the  position 
of  maximum  activ- 
ity when  the  other 
is  in  the  position  of 
least  action;  and 
Fig.  29  will  repre- 
sent the  resulting 
external  e.m.f.  and 
current,  which,  al- 
though continuous 
{i.e.,  never  becom- 
ing zero),  is  not 
quite  steady,  hav- 
ing four  slight  un- 
dulations per  revo- 
lution. By  increas- 
ing the  number  of 
coils  and  commutator  segments  to  a  hundred  or  more,  an  external 
current  can  be  obtained  in  which  no  undulations  can  be  detected 
except  by  the  telephone. 

On  examination  of  the  winding  represented  in  Fig.  28,  it  is 
apparent  that  the  four  coils  are  wound  in  series,  the  end  of  the  first 
l^ing  connected  to  the  beginning  of  the  second,  and  so  on,  the  end 


pig.  80.    Dlapraramatic  Representation  of  Gramme 

Itlnj^  Windln^^. 
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of  the  fourth  being  finally  connected  to  the  beginning  of  the  first — 
the  whole  of  the  winding  constituting,  therefore,  a  single,  closed  coil. 
Also,  it  may  be  noted  that  the  beginning  of  one  coil  and  the  end  of 
preceding  one  are  connected  to  the  same  commutator  bar.  In  the 
practice  tbe  commutator  is  usually  made  up  of  a  number  of  parallel 


Tig.  SI.    Typical  S-Pole  Belt-Diiren  GenenCor,  SbowlnK  Armaiurv,  Field. MuvneU, 
Commutator,  nod  Brusbe:!. 

bars  of  copper  set  around  on,  and  separated  from  each  other  by, 
insulating  material;  and  the  armature  is  made  up  of  a  number  of 
sections  as  in  Fig.  30,  which  represents  a  Gramme  ring  winding. 
This,  and  other  windings,  will  be  treated  mure  fully  lalt-r. 

Organs  of  ContinuouSi-Current  Dynamos.  We  have  seen  that 
the  dynamo  in  its  simplest  form  consists  of  two  main  portions — an 
armaiuTC,  which  in  revolving  in  a  magnetic  field  generates  an  e.  ra.  f. 
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in  the  conductors  wound  upon  it;  and  a  jield-^magnei,  whose  function  it 
is  to  provide  a  flux  for  the  conductors  to  cut  as  they  revolve.  These 
two  parts  are  always  present  in  all  generators,  whether  for  continuous 
current  or  for  alternating  current;  and  they  are  easily  distinguished 
(Fig.  31).  In  almost  all  continuous-current  machines,  the  field- 
magnet  is  a  comparatively  simple  electromagnet  which  remains 
stationary;  the  armature,  however,  is  more  complex  and  usually 
rotates.  In  addition,  wc  have  seen  that  continuous-cuiTent  machines 
retjuire  a  comnui tutor,  while  alternating-<.urrent  machines ^are  prf>- 
vided   with  collcciiny  or  dij)  rhu/it.     In   either  case,  l)rushes  are 

required  to  con- 
nect the  revolv- 
ing commutator 
or  collector  rings 
to  the  external 
circuit. 

In  continu- 
ous-current ma- 
chines the  field- 
ma  gne!t,  being 
usually  station- 
ary, is  combined  with  the  bearings  and  bed-plate  to  form  the  frame 
of  the  machine.  Similarly,  the  armature  and  commutator  are  sup- 
|K)rted  by  a  spider  and  shaft,  which  rotate  in  the  bearings  attached 
to  the  frame.  The  complete  machine  comprises,  in  addition,  various 
other  mechanical  parts  taken  up  in  detail  later. 

Armatures.  Any  electrical  conductor — as,  for  example,  a  simple 
coil  of  wire — revolving  in  a  magnetic  field  so  as  to  cut  the  flux,  would 
act  as  an  armature  and  tend  to  have  an  e.  m.  f.  generated  in  it. 
In  order  to  obtain  a  practically  steady  direct  current,  together  with 
maximum  efltec^t  for  a  given  amount  of  material,  and  to  secure  com- 
pactness, convenience  of  working,  and  other  practical  conditions, 
armatures  have  resolved  themselves  into  the  following  types,  although, 
theoretically,  any  figure  of  revolution  around  which  coils  are  placed 
symmetrically,  would  answer: 

(1)  Rifig  armatureSf  in  which  the  coils  are  grouped  upon  a  ring  core  of 
iron  whose  axis  of  symmetry  is  also  its  axis  of  rotation. 

(2)  Drum  arnuiiurcs^  in  which  the  coils  arc  wound  longitudinally  over 
the  surface  of  a  drum  or  cylindrical  ii'on  core. 


Fig.  32.    Armature  of  Gramme  Ring  Type. 
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(3)  PoU  armatures,  in  which  the  conductors  are  wound  around  radial 
iroD  cores  projecting  outward  from  a  central  hub. 

(4)  Disc  armatures,  in  which  the  conductors  are  arranged  io  the  form 
of  a  flat  disc  the  plane  of  which  is  perpendicular  to  the  axis  of  rotation,  and 
usually  not  comprising  on  iron  core. 

The  ring  armaiure  was  first  employed  by  Pacmotti  in  1860,  and 
described  by  him  in  1865;  but  it  is  commonly  known  by  the  name 
of  Gramme,  the  French  electrician,  who  reintroduced  it  in  1870. 
Gramme  wound  the  coils  around  the  entire  surface  of  the  annular 
core,  which  he  made  of  varnished  iron  wire  in  order  to  reduce  the 
wasteful  effects  of  eddy-currents;  while  Pacinotti  had  the  coils  wound 


Fig.  33.    Ring  AriDBtare  ol  Oniinme  Drnama. 

between  projecting  teeth  upon  an  iron  ring.  In  ring  armatures,  the 
parts  of  the  copper  winding  which  pass  through  the  interior  of  the 
ring  do  not  cut  any  flux,  and  so  are  inoperative  unless  there  are  pole- 
pieces  of  the  field-magnet  projecting  infernally,  which  is  not  usually 
the  case  in  practice.*  Hence  the  ring  type  of  winding  offers  a  certain 
amount  of  wasteful  resistance,  which,  however,  can  be  made  small 
compared  with  the  resistance  of  the  external  circuit.  Fig.  32  repre- 
sents an  armature  of  the  Gramme  ring  type  as  generally  used, 
although  some  machines  are  so  designed  as  to  have  the  outside  of  the 
ring  act  as  a  commutator,  the  current  being  collected  directly  from 
the  winding  by  brushes  which  trail  on  the  periphery  of  the  ring,  the 
inner  parts  of  the  conductors  cutting  tlie  flu.\.  Fig.  33  shows  a 
fompletely  wound  Gramme  ring  annature. 

*In  cnaeof  magnetic  lealtige  tbrougb  tho  opculng  In  the  ring  core,  the  InterDal 
parts  ot  tba  winding  would  produce  an  u.  m.  f.  lu  thn  upiiostte  direction  to  that  genGraMil 
br  tbe  outer  tectlons,  thus  decreasing  the  eHectlve  voltage. 
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Fig.  34.    Illustrating  Method  of  Drum  Winding. 


Drum  armatures  were  introduced  by  Siemens,  who  wound  cores 
of  iron  wire  -upon  a  frame  of  non-magnetic  material.  In  their  com- 
plete fprm,  they  were  first  brought  out  in  1871  by  Von  Hefner 
Alteneck,  and  improved  later  by  Weston  and  others.  As  seen  from 
Fig.  34,  this  type  is  even  simpler  than  the  ring,  and  consists  in  placing 
the  elementary  loop  before  described  upon  a  supporting  cylinder  of 
magnetic  material,  so  as  to  reduce  the  magnetic  reluctance  of  the 
gap  between  the  two  faces  of  the  field-magnet  poles.    This  type  of 

armature  is  al- 
most exclusively 
used  for  continu- 
ous-current ma- 
chines of  to-dav. 
In  Fig.  35  is  shown 
a  partly  -  wound 
drum  armature. 

Pole  armatures 
— those  having  the 
coils  wound  upon 
projecting  poles — were  devised  by  Allan,  Lontin,  Weston,  and  others. 
They  were  used  in  Lon tin's  machines,  as  shown  diagrammatically 
in  Fig.  36.  Owing,  however,  to  the  great  self-induction  thus  intro- 
duced into  each  section  of  the  winding,  and  the  consequent  spark- 
ing at  the  commutator,  these  machines  were  not  successful.  Pole 
armatures  are  to  some  extent  used  in  alternating-current  generators. 
Disc  armatures  J  illustrated  in  Fig.  37,  have  never  been  very 
widely  used.  The  interesting  feature  of  this  type  is  the  fact  that 
there  is  no  necessity  for  magnetic  conducting  material  between  the 
two  faces  of  the  field-magnet. 

Armature  Cores.  The  function  of  the  armature  core  is  two- 
fold :  it  supports  the  generating  conductors,  and  carries  the  flux  from 
one  face  of  the  field-magnet  to  the  other  face.  On  account  of  its 
high  permeability  and  its  great  strength,  iron  is  by  far  the  best 
material  for  armature  cores.  We  have  seen,  however,  that  when  a 
mass  of  iron  (or  other  conductor)  is  rotated  in  a  magnetic  field, 
wasteful  eddy  currents  are  set  up  in  the  mass.  In  order  to  reduce 
them  as  much  as  possible,  it  has  l)ecome  the  practice  to  build  up 
armature  cores  of  thin  soft  iron  or  mild  steel  discs,  insulated  from 
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each  other  by  varnish,  rust,  or  paper.     These  discs  are  (trranged  to 
have  their  planes  parallel  to  the  direction  of  the  flux  and  perpendicu- 


Fl((.  S5.    Partly- WoHDd  Drum  A 


lar  to  the  flow  of  eddy-currents.     Solid  cores  of  metal  should  on  no 
account  be  used  in  any  armature. 

Field- Magnet  Excitation.  In  order  to  generate  an  c.  \».  f. 
in  the  armature 
conductors,  they 
must  cut  a  flux. 
This  flux  is  sup- 
plied by  a  magnet, 
and  may  be  excited 
therein  by  five  sim- 
ple methods.  These 
methods  may  be 
puuped  under  two 
headings,  according  to  whether  the  armature  of  the  machine  fur- 
nishes the  magnetizing  current  or  m.  m.  f.  re(|uirttl,  or  whether  it 
is  nrovided  from  some  other  source. 


PlB-  M-    Arinati 
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(1)  Magneto-Machine.  In  this  type  of  generator,  historically 
the  first,  the  flux  was  provided  by  a  permanent  magnet  as  shown 
diagranuDatically  in  Fig.  38.  This  method  has  the  disadvantage  of 
requiring  a  much  bulkier  machine  in  comparison  with  the  methods 
to  be  described  later,  since  permanent  magnetism  cannot  be  main- 
tained at  the  high  flux-density  which  may  be  produced  by  an  exciting 
coil.  It  has,  however,  the  advantages  of  simplicity  and  constancy, 
but  is  used  only  in  the  smallest  of  generators  employed  for  example. 


Fig.  JT.    Armature  of  Disc  Type  wlcb  Tiro  luducMn  In  Series. 

to  furnish  current  for  ringing  bells,  for  ignition  in  internal-combus- 
tion engines,  etc. 

(2)  Separately-Excited  Generator.  The  next  step  was  to  excite 
the  field-magnets  by  means  of  a  coil  fed  from  some  source  of  elec- 
trical energy  other  than  the  generator  itself.  This  method,  outlined 
in  Fig.  39,  produces  the  same  results  as  the  magneto  method,  without 
the  disadvantage  of  great  bulk.  It  requirfs,  however,  a  separate 
machine  or  battery  for  excitation  purposes  .solely,  and  the  metluKl 
is  not  employed  in  continuous-current  practice,  except  where  many 
machines  are  in  operation,  or  where  their  terminal  voltage  exceeds 
SOO  volts.  It  is  largely  employed  in  exciting  the  fields  of  alternating- 
current  generators,  since  an  alternating  current  will  not  produce  a 
unidirectional  magnetic  field. 
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In  either  of  the  methods  just  mentioned,  the  e.  m.  f.  of  the 
machine  may  be  governed  in  three  ways — ^namely,  by  (a)  altering 
the  speed  of  rotation  of  the  armature;  (6)  by  varying  the  number  of 
effective  conductors  by  moving  the  brushes;  and  (c)  by  changing  the 
magnetic  flux  through  the  armature.  The  latter  is  altered  in  the 
case  of  magneto-machines  by  shunting  the  flux  away  from  the  arma- 
ture through  an  auxiliary  piece  of  iron.     In  the  case  of  separately 


Fig.  88.  Diagrammatic  Represen- 
tation of  Magneto-Oenerator. 


Fig.  39.    Diagrammatic  Representation 
of  Separately-Excited  Generator. 

excited  machines,  the  flux  is  varied  by 
regulating  the  exciting  current  or  the 
number  of  turns  of  the  solenoid. 
Generatorsof  the  continuous-current 
type  may  be  made  self-exciting  by  either  of  four  methods.  The 
whole  current  supplied  by  the  machine  to  the  external  circuit  may 
be  passed  through  the  solenoid,  or  a  part  of  the  total  current  may 
be  passed  through  the  field-winding;  or  two  field-windings  may  be 
employed,  one  traversed  by  the  load  current  and  the  other  by  the 
shunt  current;  or,  finally,  the  field-exciting  current  may  be  pro- 
duced by  an  e.  m.  f.  generated  hy  a  separate  winding  on  the  arma- 
ture of  the  generator. 

(3)  Series  Dynamo.  The  series  continuous-current  gencirator 
outlined  in  Fig.  40  has  but  one  circuit.  It  has,  however,  the  disad- 
vantage of  not  starting  to  generate  until  a  certain  speed  has  been 
leached  or  unless  the  resistance  in  the  external  circuit  is  belowa  certain 
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limit.  It  also  is  liable  to  become  reversed  in  polarity,  thus  unfitting 
it  for  electrolytic  work.  Any  increase  in  its  external  resistance,  at 
a  given  speed,  diminishes  the  current  stream  that  excites  the  magnetic 
circuit,  thereby  lowering  the  e.  m.  f.  Conversely,  reduction  of  exter- 
nal resistance  [tends  to  increase  the  c.  m,  f.  of  the  machine  until 
the  IR  drop  and  the  armature  reaction  become  so  large  that  the 
available  voltage  falls  more  rapidly  than  the  field  stream  increases. 
The  only  series  generators  actually  employed  supply  arc  lamps  in 
series,  and   are    provided  with   automatic   regulators    to   maintain 

constant  current;  hence  the  exter- 
nal voltage  and  power  are  directly 
proportional  to  the  external  re- 
sistance. 

(4)  Shunt  Dynamo,  In  the 
shunt-wound  generator,  Fig.  41, 
only  a  small  part  of  the  current 
in  tlie  armature  passes  through 
the  field  winding.  The  field-excit- 
ing circuit  F„,has,  thejrefore,  a  rela- 
tively high  resistance  compared 
with  that  of  the  external  circuit. 
This  machine  is  tolerably* self-reg- 
ulating within  certain  limits,  when 
properly  designed;  but  if  over- 
loaded, its  internal  actions  are 
such  as  to  reduce  its  generated  e.  m.  f.  to  zero.  Its  polarity  never 
reverses  of  itself;  and  although  it  is  a  trifle  more  expensive  to  buy 
than  the  corresponding  series  machine,  its  self-regulating  properties 
more  than  overbalance  this.  The  amount  of  energy  required  for 
excitation  in  either  series  or  shunt  field-windings  for  identical  ma- 
chines, is  precisely  the  same,  since  to  prodiic*e  a  given  flux  (as  shown 
in  the  discussion  of  the  magnetic  circuit)  demands  a  definite 
number  of  ampere^tums.  In  the  series  machine,  the  turns  of  wire 
are  few  in  number,  while  the  current  in  amperes  is  relatively  large. 
In  the  shunt  type,  the  reverse  is  the  case. 

(5)  Separate-Circuit,  Self-Exciting  Generator,  The  third  type 
of  self-exciting  machine  is  that  in  which  the  field  circuit  is  supplied 
by  only  part  of  the  armature,  or  by  separate  windings  on  the  armature, 


V^AIN  CIRCUIT _^ 


Fie.  40.    Diagrammatic  Representation 
of  Series  Continuous-Current  Generator. 
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as  represented  in  Fig.  42.  This  airangenjent  is  adopted  for  A.  C. 
generators  and  for  D.  C.  machines  in  which  the  e.  m.  f.  generated  is 
over  800  volts,  since  it  is  undesirable  to  apply  such  voltage  to  field 
excitation.  In  effect,  however,  it  is  almost  the  same  as  the  separately 
excited  machine  (No.  2,  above). 

Generator  Regulation.  In  all  the  simple  methods  of  field  excita- 
tion just  described,  the  e.  m.  f.  generated  by  the  dynamo  varied 
more  or  less  with  load.  If  the 
load  were  constant  (Le,,  if  the 
same  number  of  lamps  were  being 
supplied  all  the  time),  the  gen- 
erator could  be  designed  to  give 
a  predetermined  terminal  voltage. 
But  under  usual  working  condi- 
tions, the  load  connected  to  an 
electric  generator — such  as  lamps, 
motors,  or  other  devices — ^is  con- 
tinually changing,  so  that  it  is 
essential  to  provide  some  device 
whereby  its  e.  m.  f .  may  be  varied 
to  suit  the  varying  load.  The 
generated  e.  m.  f .  is  the  sum  of  the 
terminal  voltage  and  that  lost  in 
overcoming  internal  reactions,  the 

latter  quantity  varying  with  load.  As  stated  previously,  there 
are  three  methods  for  regulating  the  generated  e.  m.  f.  of  the 
dynamo — ^namely,  by  varying  the  speed  of  rotation  of  the  arma- 
ture, by  varying  the  magnetic  flux,  and  by  changing  the  number  of 
effective  or  active  armature  conductors.*  Of  these  three  possible 
methods,  however,  the  only  one  utilized  is  that  of  varying  the  mag- 
netic flux,  it  having  been  found  more  convenient  to  regulate  the 
prime  mover  for  constant  speed  than  for  speed  increasing  with  load, 
while  the  method  of  changing  the  effective  armature  conductors  by 
shifting  the  brushes  is  conducive  to  bad  sparking  at  the  commu- 
tator. As  has  been  noted,  the  most  advantageous  way  to  vary  the 
magnetic  flux  is  to  vary  the  current  in  the  energizing  coils. 


Fig.  41.    Diagrammatic  Kepresentation 
of  Shunt- Wound  Generator. 


*Tbe  expression  "active  armature  conductors**  refers  to  those  conductors  which 
ftre  actually  cutting  flux  and  generating  an  e.  m.  f .  at  any  Instant. 
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Since  the  current  in  the  field-exciting  coils  is  dependent  upon  the 
e.  m.  f .  impressed  at  their  terminals  and  upon  their  ohmic  resist- 
ance, we  can  increase  the  magnetic  flux  by  decreasing  the  resistance 
of  the  field-exciting  circuit  or  by  increasing  the  terminal  voltage  im- 
pressed there.  Also,  the  flux  may 
be  made  to  increase  with  load, 
by  passing  the  external  current  of 
the  generator  through  a  few  turns 
of  thick  wire,  called  series  turns 
or  compounding  turns,  placed  upon 
the  field-cores.  The  first  method 
is  usually  non-automatic,  and  is 
applicable  to  shunt  and  separate- 
ly excited  machines;  the  second  is 
applicable  to  separately  excited 
machines;  and  the  third,  to  both 
types;  and  a  generator  thus  equip- 
ped is  called  a  compound  generator. 
Methods  of  Compounding.  (1) 
Separate  and  Series  (Deprez). 
The  connections  are  shown  diagrammatically  in  Fig.  43,  a  separate 
source  of  e.  m.  f.  being  used  to  produce  the  initial  and  constant 
excitation,  while  the  external  current  of  the  machine  is  led  through 
a  series  winding,  thus  compensating  for  the  internal  drop  of  the 
generator  to  any  desired  degree,  even  increasing  the  terminal 
voltage  with  load  if  desired. 

(2)  Shunt  and  Series.  By  far  the  most  widely  used  of  all 
compounding  schemes,  however,  is  the  one  in  which  series  turns  are 
added  to  the  plain  shunt  winding,  as  illustrated  diagranmiatically  in 
Fig.  44.  By  properly  proportioning  the  ampere-turns  in  the  shunt 
and  series  coils,  the  terminal  voltage-load  curve  may  be  made  to 
take  any  desired  form.  ,For  instance,  it  may  be  made  constant, 
increasing  or  decreasing  throughout  the  rated  load  range  of  the 
machine.  This  arrangement  will  be  considered  in  detail  later  on. 

(3)  Booster  Method.  This  consists  essentially  of  an  auxiliary 
generator  in  series  with  the  main  machine,  the  e.  m.  f.  of  the  former 
being  low;  and  since  its  field  winding  is  in  series  with  the  external 
circuit,  it  will  automatically  regulate  the  voltage  of  the  combination 
in  accordance  with  the  load 


Pig.  42.     DlacrarnTnattc  Kt^nreseiitation 
of  a  Separate-Circuit.  Self-Exciting 
Generator. 
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(4)  Miscellaneous  Methods.  If  the  generator  armature  be 
wound  according  to  a  special  scheme  devised  by  Sayers,*  the  field 
excitation  may  be  produced  by  a  simple  shunt  winding,  and  a  com- 
pounding effect  produced  by  giving  the  brushes  a  backward  lead. 
Other  methods  of  compounding  may  be  found  in  S.  P.  Thompson's 
"Dynamo-Electric  Machinery." 

Actions  in  the  Armature.  Thus  far  we  have  considered  the 
armature  and  the  field  of  the  generator  separately,  assuming  that  the 
former  did  not  afifect  the  latter.  It  is  found,  however,  that  when  the 
armature  of  a  generator  or  motor  is  carrying  current,  its  action  is 
not  the  same  as  when  it  carries  no  current,  owing  to  the  distortion 
of  the  field  flux  by  the  magneti- 
zation of  the  armature.  In  order 


Fig.  43.    Separate  and  Series  Method 
of  Coini)oundiDg. 


Fig.  -14.    Siiunt  and  Series  Method 
of  Compounding. 


to  study  the  effects  produced,  we  shall  consider  a  dynamo  of  the 
simple  bipolar  type  (Fig.  45)  with  a  ring  armature,  when  the  ma- 
chine is  operating  without  and  under  load. 

Suppose  the  armature  to  be  rotating  clockwise,  when  viewed 
from  the  conmiutator  end,  and  that  the  north  pole  of  the  field-magnet 
is  at  the  right  of  the  armature,  the  south  pole  being  on  the  left,  as 
in  Fig.  46.  The  flux  will  then  pass  from  right  to  left  through  the 
armature;  and  the  e.  m.  f.  generated  in  the  moving  conductors  of 
the  armature  is,  in  accordance  with  Maxwell's  law,  as  follows: 


'  See  E.  Arnold's  Oleichitrommasehine  (Enter  Band,  Berlin,  IMS),  pages  417, 449,  H  teq. 
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In  all  the  conductors  which  are  ascending,  the  generated  e.  m.  f. 
is  directed  toward  the  observer;  while  in  all  the  descending  conduc- 
tors, the  generated  e.  m.  f.  is  directed  aw^ay  from  the  observer.  If 
the  circuit  through  the  armature  is  closed,  the  generated  e.  m.  f.  will 
produce  a  current  flowing  in  the  same  direction;  and  in  Fig.  46  the 
current-flow  in  the  armature  is  toward  the  top  and  away  from  the 
lx)ttom  on  both  sides.  This  result  is  obtained  when  the  armature 
is  Tvound  right-handedly,  being  the  opposite  if  the  winding  is  left- 
handed.  With  a  drum-wound  armature,  the  result  is  the  same;  but 
the  diagram  is  more  complex  on  account  of  the  end  connections. 

It  will  be  noted  that  the  path  of  the  current  is  from  brush  to 
brush,  through  each  of  the  armature  coils,  without  going  to  the 

commutator  ex- 


cept    where    it 

passes  out  to  or 
returns  from  the 
N  external   circuit. 

We  have  seen, 
however,  in  the 
ideal     dynamo, 

Fig.  45.    Diagrammatic  Representation  of  Simple  Ring  that    the    C.  m.  f. 

Armature.  ^     ,    . 

,  generated  m  an 

armature  coil  is  proportional  to  the  time  rate  at  which  the 
flux  is  cut.  In  the  case  illustrated  ih  Fig.  47,  no  two  armature 
*coils  are  cutting  the  same  amount  of  flux  at  any  given  instant, 
so  that  the  voltage  generated  in  each  coil  depends  upon  its  position 
in  the  field.  Since  one-half  of  the  coils  are  connected  in  series 
Ijetween  the  brushes,  the  total  diflFerence  of  potential  (p.  d.)  measured 
at  the  latter  will  at  any  instant  be  the  sum  of  the  instantaneous 
e.  m.  f.'s  generated  in  the  individual  coils. 

If  the  field  were  uniform,  it  is  plain  that  the  flux  cut  at  a  given 
instant  by  any  one  coil  w^ould  be  proportional  to  the  sine  of  the  angle 
which  it  makes  with  the  direction  of  the  field  at  that  instant;  so  that 
if  we  plot  the  values  of  these  instantaneous  potentials  as  ordinates, 
and  the  corresponding  angles  as  abscissae,  we  obtain  Fig.  47. 

Thus  it  is  seen  that  the  p.  d.  obtained  at  the  brushes  may  be 
compared  to  that  obtained  at  the  terminals  of  a  battery  connected 
as  shown  in  Fig.  48,  each  cell  representing  an  armature  coil  and  being 
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supposed  tu  supply  an  c.  m.  f.  v<|ual  to  that  gtnerutcd  by  the  cuil  it 
replaces.  The  terminal  voltage  will  then  be  obtained  by  adding  all 
these  potentials  between  the  Cand  the  ISO"  positions  in  Fig.  47, 
or  integrating  the  voltafjc  cnne  lu'tween  these  limits,  the  negative 
part  being  exactly  equal  to  the  [wsitive  half  if  tlic  dynumo  is  sym- 
metrical. The  sum  thus  obtainetl  grows  slowly  at  first,  then  ra[»i<lly, 
and  slowly  again  as  it  reaches  its  higliest  vhIuc,  repeating  this  pro- 
gnim  in  tiie  other  half-eircuihfcrcnce.  Tliese  facts  nn  shown  at 
reduced  scale  in  Fig.  40.  In  the  actual  dynamo,  this  integration  is 
effected  because  the  coils  are  connected  in  series;  and  it  is  possible 
to  demonstrate  this  exi>erinu'ii tally. 

Exploration  of  Potentials  around  a  Commufalor.     Several  incire 
or  less  simple  ways  of  siiowing  llie  distribution  of  tlie  generated 
e.  m.  f.  around  the                                    ^^___^ 
commutator  of  a 
dynamo,  have 
been    suggested,* 
but  only  one,  Mor- 
dey's  method,  will 
be  taken  up  here. 
It  consists  in  con- 
necting one  termi- 
nal of  a  voltmeter,  '"'^ " 

,        ,,  ,  ng.-te.    End  Vlow  or  Ring  Armature  In  nipoliir  Field. 

preferably  an  elec- 
trostatic one,  to  one  brush  of  the  machine,  and  the  other  terminal  fo 
a  small  pilot  brush  b  (Fig.  50),  which  can  be  moved  from  point  to 
point  around  the  commutator.  The  armature  of  the  generator  is  then 
rotated  at  its  rated  r,  p.  m.  (revolutions  per  minute);  and,  starting 
at  the  bnish  JV^,  6  is  placed  in  successive  positions  around  the  com- 
mutator, the  voltmeter  reading  in  each  position  being  noted,  together 
with  the  corresponding  angidar  situation  of  b. 

These  results,  plotted  with  the  voltage  readings  as  ordinates  and 
the  corresponding  values  of  angular  situations  of  b  as  abscissa,  are 
as  represented  in  Fig.  51,  when  the  armature  is  carrying  no  current. 
The  curve  so  obtained  is  not  usually  a  true  sine  cun'e  in  commercial 
machines,  because  the  magnetic  field  in  which  the  armature  rotates 
is  not  uniform.     Also,  we  shall  see  later  that  when  the  armafiirc 

•SmS.  p.  TtkompiOQ'*  "Drnvno-£luclrlcMaclilii«r7,"VoL  1.  <N.  v.,  IMMj.ptgslOL 
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carries  a  current,  its  presence  causes  a  further  distortion  in  the  dis- 
tribution of  the  flux.    Furthennore,   the  setting  of  the  brushes 

or  an  injudicious 
shaping  of  the 
pole-pieces  will 
cause  irregulari- 
ties to  be  present 
in  this  curve,  ex- 
amples of  whicli 
have  been  given 
by  Von  Gaisberg*, 
Kohlrausch**,  M. 
E.  Thomson***, 

Fig.  47.    Curve  of  Induced  E.  M.  F.  Ryan+,  and  Shcp- 

hardsonff. 
Reactions  in  the  Armature.    This  leads  us  to  consider  the  reac- 


Flg.  48.    Battery  Analogy  of  Simple 
Dynamo. 


Fig.  49.    Integrated  Curve  of 
Potentials. 


tions  of  the  armature  when  the  generator  is  operating,  which  are 

manifested  in  many  ways,  the  most  important  being: 

(1)  A  tendency  to  cross-magnetize  the  armature. 

(2)  A  proneness  to  spark  at  the  brushes. 


•  EUktroUehnUehe  Z^Uschrift,  vll  07,  Feb.  1886. 
«  CentralblaU  fur  Elektrotechnik,  ix  419.  1887. 

'Electrical  World/'  xvii  892.  1891. 
t  Trans.  Amer.  Inst.  Elec.  Engrs.,  vll  3,  1800. 
tt  "American  Electrician.*'  x  4fiS.  1898. 
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(3)  Variation  of  the  neutral  point  of  the  armature  with  the  amount 
of  current. 

(4)  The  consequent  necessity  of  ahiftiog  the  brushea. 

(5)  A  resultant  tendency  to  demagnetize  the  armature. 

(6)  Losses  due  to  eddy  currents  in  the  pole-pieces,  armature  core, 
and  coils. 

(7)  A  resulting  difference  between  the  input  and  output. 


I      i  nrafmnH  ff  ^    :     *    tnTATrnn 


UndiBiortea  Field. 


A^  these  reactions  have  mutii  effect  upon  the  operation  of  the 
commercial  machine,  they  will  be  considered  in  detail. 

Cros^  Magnetizing  Effect  of  Armature  Current.  We  have  seen 
from  Fig.  48  and  the  accompanying  text,  that  the  armature  of  a  gen- 
erator may  be  likened  to  a 
combination  of  voltaic  cells; 
but  the  armature  carrying 
current  manifests  a  mag- 
netic eifect  absent  in  the 
latter. 

If  we  consider  the  sol- 
enoid of  page  4  to  be  I)ent 

around  so  as  to  form  a  semicircular  ring,  and  to  have  inserted  into 
it  an  iron  core  of  the  same  form,  one  end  of  this  core  would  act  as 
a  north  pole,  and  the  other  end  as  a  south  pole,  when  current  circu- 
lates in  the  winding  (Fig.  52).  By  taking  an  exactly  similar  semi- 
citt:ular  ring  and  placing  the  two  together  so  that  their  north  poles 
and  the  south  poles  are  respectively  coincident,  we  are  able  to  repro- 
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Fig.  53.    Circulation  of  Current  around 
Ring  Armature. 


duce  the  magnetic  effect  uf  current  flowing  in  the  armature.  That 
IS,  when  the  generator  supplies  energy  to  the  external  circuit,  the 
armature  has  poles  produced  m  it  corresponding  to  the  brushes — 

namely,  where  the  current  enters 
and  leaves  the  winding.  This  mag- 
netization of  a  simple  Gramme  ring 
armature  (Fig.  53)  is  indicated  in 
Fig.  54,  the  general  direction  of  the 
flux  being  tlirough  the  armature 
core  along  both  paths  from  a  and 
6  to  71  and  s,  where  it  emerges  into 
air,  forming  respectively  the  poles 
of  the  armature.  The  main  por- 
tion of  this  flux  returns  outside  the 
ring,  while  a  small  portion  passes 
across  the  interior.  This  latter 
portion  is  extremely  small  in  commercial  machines,  on  account 
of  the  presence  of  large  masses  of  iron  in  the  pole-pieces  which 
are  outside. 

The  cross-magnetization  of  the  armature  produces  a  distor- 
tion of  the  flux  in  it;  but  this 
would  have  small  effect  upon  the 
e.  m.  f.  if  the  line  of  commuta- 
tion did  not  also  change  with  the 
armature  current.  This  change 
necessitates  the  moving  of  the 
brushes;  and  then  the  armature 
not  only  produces  a  cross- 
magnetizing  effect,  but  also  has 
a  demagnetizing  tendency.  It 
is  this  latter  which  diminishes 
the  generated  e.  m.  f. 

In  order  to  study  the  result, 
let  us  suppose  the  simple  bipolar 

djTiamo  of  Fig.  45  to  be  arranged  so  that  current  may  be  passed 
through  its  field  windings,  its  armature  when  rotating,  or  through 
l)Oth.  \Vhen  the  field  alone  is  excited,  the  flux  distribution  will  l)e 
substantially  as  indicated  in  Fig.  55— that  is,  quite  uniform  in  the 


Fig.  54.    Magnetization  Due  to  Armature 

Current. 
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pole-pieccs,  air-gaps,  aod  armature.    If,  now,  the  field-exciting  circuit 
be  opened,  and  if  a  current  be  supplied  to  the  rotating  armature 
equal  to  its  rated  load  current,  the  flux  distribution  shown  in  Fig. 
56  will  exist.     By  combining  these 
two  conditions  of  the  flux,  (here  is 
produced    the   distortion  shown  in 
Fig.  57,  which  is  tlio  resultant  flux 
distribution  in  the  generating  por- 
tion of  the  machine.    The  magnet- 
ism is  distorted  in  the  direction  of 
rotation,  as  if  the  armature  tended 
to  draw  after  it    the  flux   issuing 

from    the    field-iwles.      Hut   this    is  ^^■'^-    Flux  Due  to  Fl^U  Alonc. 

not  the  physical  fact,  liecausc  we 
find  that  in  elcclric  motors  the  flux 
is  distorted  in  a  dia-ction  opixMitc 
to  that  of  the  rotation  of  the  ann- 
aturc.  In  fact,  the  flux-distribution 
is  the  same  whether  the  armaturL' 
turns  one  way  or  the  other,  or  not 
at  all.  On  account  of  this  flux  dis- 
tortion,   brushes    must    be    set,    not      y--.a6.    FIui  Due  lo  Armalutv  AIouo. 

midway  between  the  field-poles,  but, 
■  in  the  ea.se  of  generators,  somewhat 
ahead  of  this  line  of  symmetiy. 
Consequently  the  armature  m.  m.  f. 
will  be  obli(|ue  to  that  due  to  the 
field-magnet,  and  a  further  distor- 
tion will  result. 

These  relations  are  shown  vec- 
torialiy   in    Fig.   5S,    the   line  OF 

representing  in  direction  and  mag-  Fig. bt.  fiii^iDu^o fjoui ami 

nitude  the  flux  due  to  the  field- 
magnet,  and  the  line  OA'  the  direction  and  magnitude  of  the  flux 
set  up  by  the  armature  current  with  the  brushes  in  the  line  of  .sym- 
metry or  vertical  position.  In  this  case,Ofi'  represents  the  resultant 
flux  in  value  and  direction,  and  the  bnishcs  should  Ix;  shiftiil  lo  tiie 
line  0.1",  perpendicular  toO/?'.     The  armature  component  of  the 
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flux  also  shifts  to  this  direction,  but  with  unchanged  magnitude 
because  the  ampere-tums  and  other  relations  of  the  magnetic  circuit 
are  not  varied.  This  will  produce  a  new  resultant  OR",  and  the 
^  ^,  brushes  should  be 

shifted  until  the 
line  of  commuta- 
tion OA  is  approx- 
imately perpen- 
dicular to  OR,  the 
final  flux  vector. 
These  conditions 
are  also  repre- 
sented in  Fig.  5'J, 
OF  being  the  field-muf^ie  t  flux,  OA  tlie  armature  flux  with  the 
brushes  shifted,  and  OR  the  resultant  with  the  main  line  of  the 
fliLt  {PQ)  as  an  extension  of  it. 

In  the  case  of  drum-wound  armatures,  the  phenomenon  is  similar 
but  not  so  easily  traced.  In  consc(|uence  of  the  o\'ei'lapping  of  the 
end-connections,  the  magnet- 
izing eiTects  of  some  of  the 
coils  are  ncutralize<l,  and  as  a 
result  the  production  of  ^xjles 
is   not   so    marked.     Neither 


c /■ 

"^X/ 


Fig.  M.    MsguirUu  Kuiii 


Flu- SB.  Hack  and  Cross  ,Viapere-Tur 


Fig.  00.   Curve  of 


can  there  be  any  internal  field.  As  a  matter  of  fact,  drum-wound 
armatures  are  not  troubled  to  the  same  extent  with  induction 
effects  as  are  ring-woundones.  With  these  exceptions,  however,  the 
facts  here  considered  apply  equally  to  drum-wound  and  ring-wound 
armatures. 


DYNAMO-ELECTRIC  MACHINERY 


41 


The  distortion  of  the  flux  through  the  armature  also  produces 
a  distortion  in  the  wave  of  induction,  as  may  be  shown  by  exploring 
the  potential  differences  around  a  commutator  by  Mordey's  method, 
when  the  machine  is  carrymg  its  rated  load.  Such  a  curve  is  shown 
in  Fig.  60. 

Sparking  at  the  Commutator.  On  page  20  we  have  seen  that 
the  rotation  of  flie  armature  in  the  field  of  the  machine  generates 
alternating  currents  in  the  conductors.  A  consideration  of  Fig.  57 
shows  that  all  the  current  flows  toward  the  spectator  in  the  con- 
ductors which  are  rising,  and  away  from  the  observer  in  all  the 
descending  conductors,  the  brushes  in  this  case  being  supposed 
present  at  N^  and  S'.  Thus,  when  a  coil  passes  under  one  of  the 
brushes,  the  direction  of  the  current  in  that  coil  is  reversed.  Owing 
to  the  fact  that  even  a  single  armature  coil  possesses  sonle  self- 
induction,  the  current  cannot  change  instantaneously;  that  is,  a 
certain  definite  interval  of  time  is  required,  dependent  upon  the  self- 
inductive  property  of  the  armature  coil,  as  well  as  upon  its  resistance. 
During  this  interval,  and  until  the  whole  current  can  take  the  new 
path  through  the  coil,  a 
portion  of  the  current  con- 
tinues to  flow  from  the  re- 
ceding commutator  bar, 
through  the  air,  to  the 
brush,  in  the  form  of  a  spark. 
It  is  the  interruption  of 
this  latter  current,  as  the 
commutator  bar  leaves  the 
brush,  that  produces  the 
spark. 

Commutation.  In  order  to  understand  exactly  what  happens 
when  a  current  is  commutated,  let  us  consider  what  takes  place  in 
one  section  of  an  armature  winding,  and  at  the  two  commutator  bars 
attached  to  the  latter,  when  the  bars  pass  under  a  brush. 

Fig.  61  shows  a  portion  of  a  ring-wound  armature  with  its  coils 
A,  B,  C,  D,  and  E  connected  to  segments  1,  2,  3,4,  and  5  of  the 
commutator,  and  a  positive  brush  just  beyond  the  leading  tip  of  one 
of  the  pole-pieces.  -The  line  nn'  represents  a  line  drawn  in  space  so 
as  to  cut  the  commutator  at  a  point  where  the  voltage  between  the 


Fig.  61.    Illustrating  Requirements  for  Non- 
Sparking  Condition  of  Commutation. 
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brush  and  the  bars  thus  passed  through  is  zero.  The  brush  is 
assumed  placed  in  this  Une. 

Now,  before  any  given  section  of  the  winding  reaches  the  brush 
shown  in  the  figure,  a  current  will  be  flowing  in  it  in  the  direction  of 
the  positive  brush;  and  after  the  section  has  passed  the  brush,  the 
current,  although  reversed  in  direction,  is  still  flowing  towards  the 
brush. 

The  figure  shows  the  instant  at  which  coil  C  is  short-circuited 
by  the  brush  through  the  commutator  bars  3  and  4;  and  it  Is  during 
the  brief  inter\'al  of  this  short  circuit  that  the  current  in  coil  C  must 
be  reduced  to  zero,  reversed,  and  then  built  up  again  in  order  that 
there  shall  be  no  tendency  for  a  spark  to  form  between  the  brush  and 
the  bar  3  at  the  instant  they  part. 

As  to  the  establishment  of  a  reversed  current  in  section  C  while 
it  is  short-circuited  by  the  brush,  it  must  be  remembered  that  this 
coil  is  at  this  instant  supposed  to  be  occupying  a  position  such  that 
there  is  no  e.  m.  f.  being  generated  in  it;  that  is,  it  is  in  a  neutral 
position.  In  coils  to  the  immediate  left  and  right  of  coil  C,  however, 
e.  m.  f.'s  are  being  generated  in  such  a  direction  as  to  cause  the 
resulting  current  to  flow  towards  the  brush.  If,  therefore,  we  move 
the  brush  forward — that  is,  in  the  direction  of  rotation — from  its 
present  position  in  the  neutral  line,  the  section  short-circuited  by 
that  brush  will  be  placed  in  a  region  where  a  p.  d.  will  be  generated 
between  its  terminals  in  such  a  direction  as  to  assist  tlie  reversed 
current  above  mentioned.  Also,  the  greater  the  forward  lead — that 
is,  the  further  away  from  the  neutral  line  in  the  direction  of  rotation 
the  brush  is  moved — the  greater  will  be  the  p.  d.  so  generated;  so 
that  by  trial,  a  position  of  the  brush  may  be  found  where  the  con- 
dition of  sparkless  collection  is  fulfilled. 

The  use  of  high-resistance  carbon  brushes  tends  to  cause  a  de- 
crease to  zero  of  the  current  existing  in  the  sections  before  thsy  reach 
the  brush,  since  the  latter  forms  part  of  the  short  circuit.  Their 
use  also  aids  the  establishment  of  the  reversed  current  in  the  short- 
circuited  section,  before  the  brush  and  segment  part  company.  This 
is  due  mainly  to  the  contact  resistance  between  the  brush  and  the 
commutator,  as  follows: 

The  current  flowing  across  the  contact  area  of  the  brush  and 
leading  segment  under  it  (in  the  figure,  segment  3),  produces  a  drop 
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of  potential  there,  which  is  small  on  account  of  the  lai^  area  of  con- 
tact, at  the  instant  depicted.  A  moment  later  the  brush  is  making 
better  contact  with  segment  4,  and  poorer  contact  with  segment  3, 
so  that  the  voltage  drop  across  the  contact  area  of  the  brush  and  3 
has-  risen  above  that  of  the  brush  and  4.  Hence  a  current  will  tend 
to  flow  from  segment  3  to  segment  4,  as  a  reverse  current  through  C, 
Ix'ing  produced  by  the  difference  of  potential  between  them.  This 
state  is  comparable  to  that  of  the  onlinary  potentiometer,  where 
a  "dn)p"  acts  as  an  e.  m.  f.  in  producing  a  current  fiow.  The 
voltage  resulting  from  this  potential  difference  across  the  two  con- 
tact areas  mentioned,  assists  that  tending  to  produce  reversal. 

Thus,  as  the  commutator  moves  und<T  the  brush  {assuming  the 
latter  to  have  a  forward   lead),  the  e.  ni,  f,  for  reversal,  the  p.  d. 
due  to  the  Aarying  contact  area  of  tlic  brush,  and  the  resistance  of 
the  short-circuited 
coil,    combine   to 
reduce  the  current 
in    the    latter   to 
zero,  while  the  self- 
induction   of    the 
coil  tends  to  pre- 
vent   any  change 
of  the  current  in 
it.*    This    zero 
condition    should 
occur    when    the 

areas  of  contact  between  the  brush  and  the  two  (in  this  case)  bars 
passing  under  it  are  ecjual.  Then,  when  the  segments  leave  this 
position,  the  p.  d.  Ix^tween  them  will  increase,  thus  assisting  the 
direct  e.  ra,  f,  (produced  in  the  coil  by  the  flux  from  the  hindward 
pole-horn)  in  establishing  a  current  in  the  coil  in  the  reverse  direction. 
Opposing  this  are  the  resistance  aniPself-induction  of  the  coil.  With 
proper  condition.s,  the  various  reactions  mentioned  may  be  so  pro- 
portioned as  to  produce  in  the  coil  from  which  the  .short  cireuit  is 
alKJUt  to  Ik.'  remi)vc<l,  a  current  LHjual  in  amplitude  and  direction  to 
that  flowing  towards  it  from  the  preceding  coil.     In  the  figure,  coil 

nentarr  Lessons  la  Klectrlcltf  sad  MasaeCUm."  N.  V.. 
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-tf.         (e)  Commutation  io  the  Section  AB 
11      Completed. 
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C  would  be  the  one  to  have  the  short  circuit  removed ;  and  J?,  the 
preceding  coil.  Then  segment  3  will  pass  out  of  contact  with  the 
brush  without  a  spark  attempting  to  follow. 

Resistance  during  Reversal.  Let  us  assume  that  during  com- 
mutation the  brush  contact  resistance  is  inversely  proportional  to  the 
area  of  contact.  Then,  in  the  ideal  case,  where  the  coils  of  the 
armature  are  devoid  of  resistance  and  inductance,  the  curve  of  com- 
mutation will  be  as  shown  in  Fig.  62,  C  representing  the  value  of  the 
current  to  be  commutated,  0  the  instant  when  commutation  com- 
mences, and  T  the  period  requisite  for  this  action.  Here  the  current 
gradually  diminishes  to  zero  at  the  middle  of  the  commutation  period, 
and  reaches  its  negative  maximum  value  at  the  end  of  the  time  T, 
This  process  is  shown  in  detail  in  Fig.  63,  the  brush  being  wide  enough 
to  span  one  commutator  bar. 

In  this  case  20  amperes  flow  from  either  side  of  the  armature  to 
the  brush,  the  latter  leading  away  40  amperes.  If  we  suppose 
the  brush  area  to  be  one  square  inch,  then,  when  the  commutator 
is  in  the  position  indicated  by  Fig.  63  (6),  the  area  of  contact  of  the 
segment  A  is  reduced  to  J  square  inch,  while  that  of  the  segment  B 
has  become  \  square  inch,  so  that  10  amperes  will  flow  into  the 
brush  from  B  and  30  amperes  from  J,  the  additional  10  amperes 
through  the  latter  coming  from  the  short-circuited  coil.  When  the 
conmiutatoi^  has  moved  forward  so  that  the  area  of  contact  of  each 
brush  is  the  same — that  is,  ^  of  a  square  inch — A  and  B  will  each 
pass  20  amperes  to  the  brush  from  either  side  of  the  armature,  the 
coil  undergoing  commutation  carrying  no  current  at  this  instant 
(see  Fig.  63,  c).  At  the  end  of  the  third  quarter  of  the  commutation 
period,  the  commutator  has  reached  the  position  shown  in  Fig.  63 
(i),  the  area  of  contact  of  segment  A  with  the  brush  being  J  of  a 
square  inch,  while  that  of  5  is  }  of  a  square  inch.  Hence  A  will  con- 
tribute 10  amperes  and  B  30  amperes  to  the  brush,  the  coil  under- 
going commutation  now  carrying  a  current  in  the  direction  reverse 
to  that  indicated  in  Fig.  63  (6),  and  in  the  same  direction  as  the  current 
in  the  coils  on  the  right.  At  the  end  of  the  commutation  period,  the 
current  in  coil  A-B  has  increased  to  the  full  value  of  that  flowing  in 
its  right-hand  neighbor;  and  when  the  brush  and  segment  A  part  com- 
pany no  spark  will  result. 

Fig.  62  shows  the  variation  of  the  current  during  this  period, 
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if  we  neglect  the  resistance  and  inductance  of  the  armature  coils.     It 
therefore  remains  to  consider  the  effect  of  these  reactions. 

Commutation  Curves.  If  the  resistance  of  the  armature  coils  be 
not  negligible  in  comparison  with  the  contact  resistances,  then  the 
current  collected  will  not  be  rigidly  projx^rtional  to  the  areas  of  con- 
tact. For,  suppose  that  in  Fig.  63  (b)  the  contact  resistance  over 
A  is  0.04  ohm,  and  that  that  over  B  is  0.12  ohm;  then,  if  the  resistance 

of  one  coil  of  the  arma- 
ture be  taken  at  the  ex- 
aggi^rated  value  of  0.01 
oinu,  29.6  am[)t»rt*s  will 
go  through  A,  and  10.4 
amperes  will  pass  through 
B,  In  other  wonls,  the 
presence  of  resistance  in 
the  coils  of  the  armature 
rinluces  the  ratio  of  cur- 
rents during  the  first 
half  of  the  commutation 
period,  and  increases  this 
ratio  during  the  second 
half.  This  is  shown 
graphically  by  the  curved 
line  in  Fig.  64,  the 
straight  line   indicating 

Fig.  6&.    Curveof  Commutation,  with  Self-induction.       ^u^  ideal  case. 

The  effect  of  self-induction,  although  not  easily  shown  quantita- 
tively, would  modify  the  ideal  current  cun^e  as  indicated  by  PDQ 
in  Fig.  65,  PUU  showing  the  result  obtained  with  increased  self- 
induction.  Self-induction  tends  to  retard  any  change  in  the  current, 
so  that  the  same  is  not  completely  reversed  at  the  end  of  the  com- 
mutation period.  At  the  last  instant,  then,  as  the  surface  of  contact 
between  the  segment  A  and  the  brush  diminishes  to  zero,  the  contact 
resistance  rises  with  extreme  rapidity.  The  product  of  this  resist- 
ance and  the  still  uncommutated  part  of  the  current,  will  constitute 
a  p.  d.  between  the  retreating  segment  A  and  the  tip  of  the  brush. 
This  p.  d.,  represented  graphically  hy  QU  in  Fig.  65,  tends  to  set  up 
a  spark,  and  may  be  briefly  called  the  sparking  or  maintaining  e.  m.  f. 
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The  resulting  commutation  curve  for  any  machine  is  made  up 
of  these  two  effects,  the  quantity  of  each  depending  upon  the  design, 
and  of  some  details  at  present  obscure.  Messrs.  Everett  and  Peake* 
found  experimentally  that  the  curve  had  the  form  shown  in  Fig.  66. 
Curve  A  indicates  the  initial  rise  which  may  obtain  at  light  loads, 
with  an  oval  resultant  at  the  negative  end.  B  illustrates  under- 
commutation  vnth  insufficient  lead.  C  shows,  with  increased 
load,  a  rapid  reversal  at  the  beginning  of  the  commutation 
period,  but  under-commutation  toward  the  end.  D  represents  a 
gradual  fall  of  the  current,  which  slackens  toward  the  end. 

Effect  of  Increasing  Breadth  of 
Brush.  Increasing  the  breadth  of 
the  brush  not  only  lengthens  the 
period  of  conmiutation,  but  also 
permits  commutation  to  start  in 
one  coil  before  the  preceding  coil 
has  entirely  passed  through  this 
stage. 

In  Fig.  67,  let  us  assume  the 
brush  to  have  an  area  of  3  square 
inches,  and  that  it  can  completely 
cover  two  segments  at  one  time, 
the  current  collected  by  the  brush 
being  120  amperes.  Then  Fig. 
67  (a)  shows  the  state  of  affairs  when  the  segments  A  and  Z  are 
under  the  brush.  An  instant  later,  the  commutator,  in  moving 
clockwise,  starts  to  uncover  segment  Z  and  to  cover  segment  B,  so 
that  at  the  end  of  the  first  quarter  of  the  period  of  commutation,  the 
result  will  be  as  indicated  in  Fig.  67  (6),  for  the  ideal  case.  Simi- 
larly, in  Fig.  67,  c,  d,  and  e  represent  respectively  the  conditions  at 
the  end  of  the  second,  third,  and  fourth  quarters  of  the  commutation 
period,  the  direction  of  current  and  its  magnitude  in  each  coil  being 
indicated  by  arrows  and  figures.  We  see  from  these  that  the  con- 
ditions of  Fig.  63  (page  44)  obtain  throughout,  the  current  in  the 
short-circuited  coils  being  zero  at  the  middle  of  the  period  of  com- 
mutation; so  that  we  may  conclude  that  the  act  of  commutation  is 
not  altered  by  increasing  the  width  of  the  brush. 

•See  Meetrician,  London.  Vol.  40,  p.  461 ;  Vol.  43,  p.  8S8. 


Fig.  66.    Curve  of  Commutation  Ob- 
served by  Everett  and  Peake. 
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(a)  Instant  before  Commencement 
of  Commutation  in  Section  AB 


(6)  End  of  First  Quarter  of  Period 
of  Commutation  in  Section  AB, 


(c)  End  of  Second  Quarter  of  Period 
of  Commutation  in  Section  AB. 


{d)  End  of  Third  Quarter  of  Period 
of  Commutation  in  Section  A  B. 


(c)    Commutation   in   Section   AB 
Completed. 


Fig.  07.  Process  of  Commutation.— Brush  Covering  Two  Segments 
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Summaiy  of  Results.  The  considerations  above  indicated  as 
to  means  for  controlling  the  sparking  at  the  commutators  of  continu- 
ous-current machines,  may  be  summed  up  as  follows: 

(1)  Keep  the  inductance  of  the  armature  coils  low,  by  decreasing  the 
number  of  turns  , 
per  commutator 
segment,  by  satu- 
rating the  teeth, 
and  by  properly 
shaping  the  pole- 
pieoes  to  produce 
a   reversal  fringe. 

(2)  Keep  the 
volts  per  segment 
of  the  commutator 
low  by  having  a 
large  number  of 
commutator  seg- 
ments. 

(3)  Ck>ntrol 
distortion  of  the 
main  flux  in  order 
to  have  the  field 
under  the  hind- 
ward  pole-horn 
sufficiently  strong. 

(4)  Properly 
dimension  and  de* 

sign  the  commutator-brushes,*  brush-holders,  and  other  brush-gear,  so  as  to 
permit  the  shifting  of  the  brushes  to  the  proper  position,  and  to  enable  the 
brushes  to  make  contact  with  the  commutator  at  all  times. 

(5)  Keep  the  surface  of  the  commutator  smooth. 

(6)  Add  special  features  to  the  machine. 

To  see  clearly  the  application  of  most  of  these  special  features, 
it  is  desirable  that  we  first  consider  another  property  of  an  armature 
carrying  current — ^namely,  its  demagnetizing  effect. 

Demagnetizing  Effect  of  Armature.  To  eliminate  sparking  at 
the  commutator^  we  have  seen  that  it  is  necessary  to  shift  the  brushes 
ahead  of  the  neutral  line  in  generators,  and  back  in  case  of  motors. 
The  resultant  effect  is  to  produce  in  the  armature  a  magnetomotive 
force  (m.  m.  f.)  opposed  to  that  of  the  field-winding.  Considering 
Fig.  69,  wherein  the  brushes  are  supposed  to  be  shifted  to  the  line  nn\ 
the  remainder  of  the  figure  being  as  before,  it  is  seen  that  the  currents 


Amperes  per  5quareJncb  of  Brush  Contact 

Fig.  68.   Voltage-Drop  Carves  of  Varlons  Grades  of  Carbon  and 
Qraphlte  Brashes  at  Different  Current-Densities. 


^Witli  respect  to  material  and  thiokaess,  see  Fig.  ea 
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Action  of  Armature  Current 
enerator. 


are  flowing  toward  the  observer  in  the  armature  conductors  to  the  left 
of  the  neutral  line  nn\  and  from  the  observer  in  those  to  the  right  of 
that  line.  Now,  suppose  the  two  vertical  lines  ad  and  6c  to  be  drawn 
across  the  section  of  the  armature  and  through  the  points  of  commuta- 
tion. The  arma- 
ture conductors 
are  thus  divided 
into  two  bands, 
those  to  the  right 
of  the  line  ad  and 
to  the  left  of  the 
line  be  tending  to 
cross-magnetize 
the  armature^ 
while  those  in- 
cluded between 
these  lines  produce 
a  m.  m.  f.  opposed 
to  that  of  the  main 
field,  since  the 
current  in  these  turns  passes  around  the  flux  in  a  direction  opposed 
to  that  of  the  field-exciting  current.  The  breadth  of  the  belt  of 
demagnetizing  windings  is  evidently  proportional  to  the  angle  of  lead, 
since  it  subtends  double  that  angle.  In  such  an  armature  generating 
50  amperes,  each  conductor  would  carry  25  amperes,  since  there  are 
two  paths  in  parallel;  and  as  the  number  of  cross-magnetizing  turns  is 
12,  and  the  number  of  demagnetizing  turns  is  4,  the  "cross-ampere- 
tums"  would  be  25  X  12  =  300;  and  the  number  of  "back  ampere- 
turns"  would  be  25  X  4  =  100. 

This  demagnetizing  influence,  which  is  proportional  to  the  angle 
of  lead  of  the  brushes,  tends  to  weaken  the  field  in  general,  while  the 
cross-magnetization,  proportional  to  the  ampere-turns  not  included 
in  the  demagnetizing  effect,  tends  to  weaken  the  flux  under  the  hind- 
ward  pole-horn,  and  strengthen  that  under  the  forward  pole-tip. 
Hence  the  impressed  m.  m.  f.  (that  of  the  field-magnets)  must  be 
strong  enough  to  force  through  the  air-gap  in  the  magnetic  circuit 
sufficient  flux  to  permit  of  sparkless  commutation  in  spite  of  the 
demagnetizing  effects.    Since  the  cross-magnetization  is  responsible 
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for  the  distortion  which  produces  sparking,  it  remains  to  consider 
the  remedies. . 

Cross*Reluctance  Remedies.    Fig.  70  shows  that  increased  air- 
gap  in  the  magnetic  circuit  HAGDH  will  diminish  the  cross-flux. 

This  method  is  somewhat  ob- 
jectionable, however,  because, 
in  order  to  produce  the  same 


Fig.  70.    Armature  Interference. 


Pig.  71.    Prevention  of  CroRs-Reluctance 
by  V-Groove  in  Back  of  Polar  Mass. 


flux  through  the  field-circuit,  a 
greater  m.  m.  f.,  and  hence  a 
larger  number  of  field-exciting 
turns,  are  required.    This  dis- 


advantage may  be  overcome  in  some  types  of  generators  by  forming 
a  V-groove  in  the  polar  mass  behind  the  face,  as  shown  in  Fig.  71. 


Fig.  72. 


Fig.  73. 


Remedies  for  Cross-Reluctance.— Pole-Pieces  Made  with  Longitudinal  Gaps 

or  Oblique  Slots. 

Another  plan  is  to  thin  down  or  actually  separate  the  two  halves 
of  the  circuit,  and  thus  throttle  the  cross-flux.  S.  P.  Thompson  has 
suggested  constructing  the  field-cores  of  pieces  of  iron  with  longi- 
tudinal gaps,as  indicated  inFig.  72,or  slotting  the  pole-piece  obliquely 
as  in  Fig.  73,  the  neck  of  the  casting  here  becoming  highly  saturated 
and  offering  large  reluctance  to  the  cross-field. 
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Another  arrangemeDt  consists  in  making  the  forward  horn  of 
cast  iron,  and  the  rearward  hom  of  cast  steel,   the  joint  being 
oblique,  as  indicated  in  Fig.  74. 
f        Cross^ompounding     Remedies.      Some 
designers  provide  a  m.  m.  f.  equal  but  op- 
posed to  the  cFOsa-magnetic  m.  m.  f.  Elihu 
Thomson  placed  a  series  ("compounding") 
coil  on  a  separate  frame  surrounding  the  ann- 
ature,  and  tilted  it  in  a  direction  counter  to 
the  rotation  so  as  partially  to  counteract  the 
cross-flux.    Swinburne  suggested  that  a  small 
auxiliary  coil  in  series  with  the  armature  be 
wound  around  the  pole-tip  in  order  to  main- 
tain a  field  for  reversal  at  this  point  (Fig.75,a). 
Menges,  Mather,  Swinburne,  and   others 
have  advocated  the  use  of  auxiliary  poles  at 
Pig.  -M.    comppsiw  Pole,  "ght  angles  to  the  main  poles,  excited  by 
teS";  a^^^t  s^i:  coils  in  series  with  the  armature.    This  fea- 
roJsl't^wie'uc'l^t^touat  ture  IS  now  embodied  in  the/nter-pofe motor. 
S.  P.  Thompson  proposed  the  use  of  com- 
pound winding  having  series  and  shunt  coils  at  different  angles,  so 
that,  as  the  armature  reaction  tended  to  shift  the  main  flux  forward. 


b 

FIg.TS.    Derlces  ror  Sparkless  ConecUon  of  CaiTeDC-~(a)  Swlubime  ^  (a)HnUD 
Bod  LebUnc. 

the  increased  current  in  the  series  coib  would  produce  a  m.  m.  f. 
tending  to  drive  it  back.  Menges  suggested  winding  series  turns 
upon  the  polar  parts  of  machines  with  double  magnetic  circuits.  He 
was  the  first  to  suggest  (1884)  a  cross-compound  winding  having  the 
auxiliary  poles  set  to  produce  a  flux  at  ri^t  angles  to  the  main  flux. 
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Fisher-Hinnen,  Professor  Forbes,  Mordey,  and  S.  P.  Thompson 
wind  these  coils  in  a  notch  at  the  center  of  the  pole-face.  EUhu 
Thomson  also  suggested  the  use 
of  unwound  auxiliary  poles  at 
right  angles  to  the  main  poles, 
thereby  leading  off  the  cross-flux 
to  strengthen  the  main  flux. 


Snjrers' 


DeviM  tor  SpuUesa 


Fig.  TT.    Rtoh'ii  CompeiuatlUK  DeTlc«a. 


The   most  complete   solution  was  proposed  independently  by 
Professor  Ryan  and  Fisher-Hinnen,  who  insert  a  number  of  coib 


Pig.  ra.   Various  Worms  at  Poio-lips. 


in  slots  cut  in  the  face  of  the  pole  parallel  to  the  shaft,  the  coib 
being  connected  in  series  with  the  external  circuit,  and  constituting 
a  stationary  winding  which  produces  a  m.  m.  f.  equal  but  opposed  to 
that  due  to  the  annature,  Fig.  77.    This  device  is  not  extensively 
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Fig.  79.    Unsyrametrical  Pole-Pieces  De- 
signed to  Concentrate  Field. 


employed,  however,  on  account  of  the  increased  heating  as  well  as 
complication  and  cost. 

Hutin  and  Leblanc  proposed  the  placing  of  rods  of  copper  in  the 
pole-face,  which  rods  are  short-circuited  upon  themselves.    This 

arrangement  is  intended  to  pre- 
vent oscillations  in  the  direction 
of  the  magnetic  flux  at  commuta- 
tion. It  is  much  used  in  alter- 
nating-current noiachines,  to  fa- 
cilitate parallel  operation  (see 
Fig,  75,  6). 

Concentration  of  Field. 
Sparkless  commutation  may  also 
be  accomplished  if  the  field  is  magnetically  rigid — that  is,  not  easily 
distorted.  This  stiffness  may  be  partially  secured  by  properly  shap- 
ing the  pole-faces  or  by  making  notches  in  them  (Fig.  76),  as  sug- 
gested by  Sayers,  thus  concentrating  the  flux  at  the  tip.  In  Fig.  78 
are  shown  various  forms  of  pole-tips,  of  which  type  a  is  not  always 
good,  but  may  be  either  extended  as  in  i,  or  cut  off  as  in  c.  An 
extreme  arrangement,  suggested  by  Dobrowolsky,  surrounds  the  arm- 
ature completely  with  iron,  as  in  d. 
Another  scheme,  proposed 
by  M.  Gravier,  employed  the  un- 
symmetrical  form  of  poles  shown 
in  Fig.  79.  When  the  machine  is 
working  at  small  loads,  the  flux 
in  the  gap  is  nearly  uniform;  but 
at  large  loads,  the  distortion  due 
to  armature  current  forces  the 
flux  forward  and  saturates  the 
forward  pole-horn,  thus  prevent- 
ing much  change  in  its  flux-density,  on  account  of  the  saturation 
and  the  diminished  area.  Lundell  combines  this  device  with  the 
slotted-pole  method,  and  produces  the  pole  shown  in  Fig.  80.  An- 
other plan  is  to  make  the  pole-cores  of  laminated  wrought  iron  or 
steel,  to  which  a  cast-iron  pole-piece  is  attached. 

A  similar  effect  is  produced  by  making  the  poles  non-concentric 
with  the  armature,  as  in  Fig.  81.    This  secures  a  suitable  fringe  and 


Fig.  80.    Lundell's  Form  of  Pole. 
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at  the  same  time  maintains  a  fair  magnetic  rigidity.  Mr.  C.  E.  L. 
Brown  finds  that  inwardly  projecting  poles  of  circular  cross-section, 
without  any  pole-shoes  or  extensions,  produce  excellent  results  in 
generators  which  deliver  large  current.  Other  devices  for  securing 
a  gradual  entrance  of  the  arma- 
ture conductors  into  the  field,  are 
to  skew  the  hind  ward  edge  of  the 
pole-shoe  as  indicated  in  Fig.  82; 
to  shape  the  pole-shoes  with  po- 
lygonal ends,  Fig.  83;  or  to  pro- 
vide clawed  edges.  Fig.  84.  Some 
manufacturers  leave  out  every 
other  lamina  in  the  pole-tips,  the 
resulting  extra  saturation  helping 

to  resist  the  effects  of  armature  distortion.  A  somewhat  similar 
device  is  that  patented  by  Marshall,  which  consists  in  attaching  to 
the  pole-piece  groups  of  short,  laminated  iron  plates  with  narrow 
spaces  between  them,  thus  reducing  the  net  area  of  the  shoe,  while 
preserving  the  same  effective  area. 

Self-Compensating  Armatures.    The  devices  of  Swinburne  and 
Mordey,  which  relate  to  chord  winding,  have  met  with  considerable 


Pig.  81.    Non-Concentric  Poles. 


/7 


Flg.SS. 


Fig.  88. 


Fig.  84. 


Devices  for  Securing  Gradual  Entrance  of  Armature  Conductors  into  Field. 

success.  The  most  prominent  of  these  methods  is  that  of  Sayers, 
who  connects  the  commutator-bars  to  the  armature  winding  through 
auxiliary  compensating  coils.  One  end  of  each  commutator  coil, 
Fig.  85,  is  attached  to  the  junction  between  two  main  armature  coils, 
and  the  other  end  is  connected  to  a  commutator  segment.  The 
armature  and  commutator  coils  are  represented  while  short-circuited 
by  the  brush,  a  rapid  reversal  of  current  being  produced  by  the  com- 
mutator coil  and  auxiliary  pole.    With  this  method  of  winding,  the 
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brushes  may  be  given  a  backward  lead,  thus  making  the  generator 
self-compounding  without  a  series  field-coU. 

This  completes  the  list  of  special  features  that  may  be  added  to 
generators  or  motors  to  eliminate  sparking  at  the  conmiutator; 
but  most  of  these  methods  are  not  likely  to  be  employed,  on  account 
of  increased  complications  and  reduced  efficiency.     In  the  largest 


Fig.  B&.    Sayers  CompensaUns  Winding,  with  CommntatioD  ColU. 

machines  built  by  the  best  manufacturers,  none  of  these  special 
features  are  present,  because  it  is  found  that  the  heating  limit  of  the 
machine  is  usually  reached  before  sparking  occurs.  One  prominent 
designer  pays  no  attention  to  armature  reaction,  but  relies  upon  a 
large  number  of  commutator  segments  to  keep  the  e.  m.  f .  per  seg- 
ment at  a  very  low  figure,  also  minimizing  the  self-inductance 
of  each  armature  coil  by  making  it  of  few  turns  and  of  short  length 
parallel  to  the  shaft.  For  medium  sizes  or  high-speed  work,  this 
design  is  now  much  used,  especially  where  large  distorting  effects 
are  present. 

Conclusions.  The  special  points  to  be  observed  in  order  to  pre- 
vent sparking  at  the  commutator  may  therefore  be  stated  aa  follows: 

1.  The  armature  ampere-turns  per  pole  should  not  exceed  certain 
definite  values  in  machines  of  a  given  type.  If  the  volts  per  commutator 
eegment  are  5  or  less,  the  armature  ampere-conductors  should  not  exceed 
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20,000  per  pole;  whUe  with  10  volta  per  segment,  the  ampere-conductors 
Btaould  not  CKCeed  10,000. 

2.  Long  air-gftpa  are  unnecessary  if  the  armature  teeth  are  highly 
saturated— that  is,  have  a  flux-density  of  from  20,000  to  23,000  apparent 
lines*  per  square  centimeter,  or  125,000  to  160,000  apparent  lines  per  square 
inch,  both  of  the  injurious  effects  of  armature  reaction  being  diminished. 

3.  Armatures  should  be  as  short  as  possible  in  order  to  reduce  the 
wlf-inductance  of  the  armature  coils. 

4.  Number  of  volts  per  commutator  segment  should  be  low. 

5.  Inductance  of  the  short-circuited  coils  should  bo  low  compared 
with  brush-contact  resistance,  and  the  current-density  in  carbon  brushes 
should  be  about  36 

amperes   per   square 
inch. 

Dead  Turns. 
On  account  of  the 
various  internal  re- 
actions preaent  in 
the  armature,  the 
terminal  voltage  is 
not  quite  propor- 
tional to  the  speed 
vrith  constant  field- 
current.   Inasmuch 

05  the  machine  acts 

,  ,  ,  Fig.  86.    Eddy  Currenls  in  Core-Discs. 

05  though  some  of 

its  speed  were  ineffective,  the  oame  dead  turns  has  been  given  to 

those  revolutions  by  which  the  actual  speed  at  any  output  exceeds 

that  determined  by  strict  proportionality. 

Spurious  Resistance.  There  b  present  in  every  rotating  anna- 
ture  an  apparent  resistance  proportional  to  the  speed,  due  to  the 
self-induction  of  the  armature,  as  first  pointed  out  by  Cabanellas.  It 
cannot  be  reduced  by  dividing  the  armature  conductors  into  a  greater 
number  of  s^^euts,  but  can  be  made  less  by  decreasing  the  number 
of  conductors  and  increasing  the  cross-section  of  iron  in  the  magnetic 
circuit.  Its  value  is  lessened  by  the  introduction  of  a  counter-e.  m.  f . 
aiding  the  commutation  of  the  current,  as  previously  explained. 

Eddy  Curraits.  In  discussing  the  magnetic  circuit,  it  was 
shown  that  parasitic  currents  may  be  produced  in  the  iron  parts 

*  By  apparnti  timi  pir  lyutrt  ctnltnulir  In  Iht  f'eCA  Is  meant  the  Qoz-danslty  whleh 
would  bs  present  Id  the  teeth  tr  all  the  Qnx  Issuins  tiom  the  pal«>  entered  Uie  a 
core  Uuvufii  the  teeUi. 
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of  generators  if  any  of  these  parts  form  closed  electrical  circuits  and 
cut  flux.    In  the  armature,  the  iron  core  rotates  in  a  magnetic  field; 


Pig.  87.  Fig.  88.  ^  Fig.  89. 

Alteration  of  Magnetic  Field  Due  to  Movement  of  Mass  of  Iron  In  Armature. 

eddy  currents  are  set  up  in  this  core,  as  shown  in  Fig.  86,  and  unless 
prevented  from  flowing,  these  currents  will  lower  the  eflSciency  of 
the  machine.    Eddy  currents  will  also  be  produced  in  the  pole-faces, 


Fig.  9a  Fig.  91.  Fig.  92. 

Eddy  Currents  Induced  In  Pole-Pieces  by  Movement  of  Masses  of  Iron. 

due  to  the  variation  of  the  magnetic  flux,  as  shown  in  Figs.  87-92; 
and  they  may  in  addition  manifest  themselves  in  the  armature  con- 
ductors if  the  latter  are  large. 

In  all  cases  where  eddy  currents  are  likely  to  be  large,  the  circuits 
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affected  are  laminated  so  that  the  plane  of  lamination  cuts  across 
the  path  of  this  parasitic  current. 

Drag  on  Armature  Conductors.  A  conductor  carrying  a  current 
is  surrounded  by  a  magnetic  field,  as  shown  on  page  2.  If,  now,  such 
a  conductor  be  placed  in  a  uniform  magnetic  field — as,  for  example, 
between  a  large  north  pole  and  a  large  south  pole — ^a  compound  field 
will  result,  having  the  distorted  appearance  shown  in  Fig.  93.  The 
direction  of  the  mechanical  force  exerted  may  be  determined  by 
supposing  that  the  flux  acts  as  a 
bundle  of  elastic  cords  tending  to 


Fig.  08.    Magnetic  Lines  Due  to  Con- 
ductor Carrying  Current  Placed 
In  Magnetic  Field. 


Fig.  W.    Magnetic  Field  of  Slotted 
Armature. 


shorten  themselves.  As  a  matter  of  fact,  there  is  tension  in  the 
direction  of  the  flux,  and  stress  at  right  angles  to  it,  proportional  at 
every  point  to  the  square  of  the  flux-density.  A  conductor  in  which 
current  is  supposed  to  be  flowing  toward  the  observer  will  therefore 
be  urged  in  the  direction  of  the  arrow.  Fig.  93;  so  that  in  every  dynamo- 
electric  machine  the  current  generated  produces  a  mechanical  reaction 
which  tends  to  stop  the  motion  producing  them. 

If  the  conductors  are  imbedded  in  slots  or  holes  in  the  armature 
core,  Fig.  94,  it  is  found  that  the  drag  comes  upon  the  iron,  the  mag- 
netic field  being  distorted  as  shown.  In  fact,  the  flux  no  longer 
directly  cuts  the  conductors,  but,  as  it  were,  flashes  from  tooth  to 
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tooth.  In  addition  to  thus  relieving  the  conductors  of  the  drag 
effect,  the  teeth  pennit  a  much  smaller  air-gap  to  be  used,  sometimes 
reducing  it  to  a  mere  mechanical  clearance. 

Stray-Power.  In  all  practical  machines  there  is  a  difference 
between  the  input  and  the  output.  In  electrical  machines,  this  dis- 
crepancy is  caused  by  the  following  reactions: 

1.  Armature-resistance  drop  producing  PR  effects. 

2.  Friction  of  bearings  and  brushes. 

3.  Air-friction  of  the  rotating  armature. 

4.  Hysteresis  in  the  armature  core. 

5.  Eddy  currents  in  the  armature  core,  conductors,  and  polar  pro- 
jections. 

6.  Energy  is  also  consumed  in  the  field  winding,  due  to  I^  R  effects. 

Nos.  2,  3,  4,  and  5  are  grouped  under  the  head  of  stray  'power 
losses,  being  from  40  to  60  per  cent  of  the  total  loss.  No.  3  is  small, 
except  in  those  cases  where  the  armature  spider  is  provided  with 
fans  to  aid  ventilation,  and  where  special  ventilating  ducts  are  pro- 
vided in  the  armature,  as  in  most  modem  machines.  No.  4  is  by 
no  means  negligible,  but  never  adds  more  than  1  per  cent  to  the 
driving  power.  No.  5  is  the  most  important  of  all,  especially  in 
large  machines.  It  makes  its  presence  felt  even  in  the  metal  of  the 
shaft,  and  there  will  be  power  wasted  if  flux  leaks  through  this 
portion.  - 
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Comparison  between  Dynamos  and  Motors.  The  dynamo  is 
a  machine  for  the  conversion  of  mechanical  into  electrical  energy; 
conversely,  the  electric  motor  converts  electrical  energy  into  mechani- 
cal work.  The  electrical  energy  delivered  by  the  dynamo  must  be 
obtained  from  a  steam  engine,  water-wheel,  or' other  power;  and  the 
mechanical  power  obtained  from  the  electric  motor  comes  from  the 
energy  of  the  current  flowing  through  its  armature.  The  two  ma- 
chines are  exactly  complemen- 
tary; and,  in  the  case  of  direct- 
current  apparatus,  we  shall  see 
that  the  same  structure  can  be 
u^cd  for  either  service.  The 
differences  that  are  found  in 
practice  are  largely  mechanical, 
and  arise  chiefly  from  the  con- 
ditions under  which  the  motor 
must  work. 

The  study  of  the  electric 
motor,  therefore,  begins  with  a 
knowledge  of  the  dynamo;  and 
before  reading  the  following 
pages,  the  student  should  be 
sure  that  he  understands  fully 
the  fundamental  principles  and 
mechanical  details  of  Dynamo- 
Electric  Machinery. 

Force  on  a  Conductor  Carrying  a  Current.  Fig.  1  represents 
a  wire  lying  in  a  magnetic  field,  and  carrying  no  current.  If  the 
polar  surfaces  of  the  field  are  large  and  close  together,  the  magnetic 
lines  pass  straight  from  one  to  the  other;  they  are  not  distorted, 
whether  the  wire  is  at  rest  or  in  motion.  This  is  the  condition  in  the 
air-gap  of  a  dynamo  or  motor  when  no  current  is  flowing  in  the 


© 


/y 


Pig.  1.    Conductor  Carrying  No  Current, 
iu  a  Magnetic  Field. 
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armature  conductors.  The  rotation  of  the  armature  in  the  magnetic 
field  generates  an  electromotive  force,  but  there  is  no  mechanical  force 
upon  the  conductors  due  to  this  action  in  itself.  When,  however,  a 
current  flows,  it  sets  up  a  magnetic  field  of  its  own  about  the  con- 
ductor, as  shown  in  Fig.  2;  and  this  field  distorts  the  original  field 
in  which  the  conductor  lies,  making  the  magnetic  lines  denser  on  one 
side  and  less  dense  on  the  other.    This  is  shown  in  Fig.  3. 


Fig.  S.    Magnetic  Field  about  a  Conductor        Fig.  8.    Magnetic  Field  around  Conductor 
Carrying  a  Current.  in  Dynamo  or  Motor  Air-Gap. 

Since  the  magnetic  lines  of  a  field  endeavor  to  straighten  and 
shorten  themselves,  the  result  of  this  distribution  is  a  force  upon  the 
wire,  pushing  it  in  the  direction  of  the  arrow;  and  this  is  ^he  prin- 
ciple of  the  electric  motor.  As  in  the  dynamo,  there  are  required: 
(1)  a  magnetic  field;  (2)  a  conductor  lying  perpendicular  to  it; 
and  (3)  provision  for  motion  of  the  conductor  across  the  field,  in  a 
direction  perpendicular  both  to  itself  and  to  the  field. 

Fleming's  Rule.  The  relation  between  the  directions  of  the 
force,  current,  and  magnetic  lines  can  be  most  easily  remembered 
by  what  is  known  as  Fleming's  Rule,  Extend  the  forefinger,  middle 
finger,  and  thumb,  at  right  angles  to  one  another;  for  example,  the 
forefinger  directly  forward,  the  middle  finger  sideways,  and  the  thumb 
upwards.  Then  if  the  forefinger  represents  the  direction  of  the 
magnetic  lines  (that  is,  from  the  N  pole  through  the  air  to  the  S  pole), 
the  middle  finger  will  represent  the  direction  of  the  current,  and 
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the  thumb  the  direction  of  the  motion.  The  riglit  hand  is  to  be 
used  for  the  case  of  tiie  dynamo,  the  left  hand  for  the  case  of  tlie 
motor. 

Barlow's  Wheel.    An  illustration  of  this  principle  is  found  in 
the  simple  electric  motor  invented  by  Peter  Barlow  in  1823,  and 
illustrated  in  Fig.  4.     A  star-shaped  metal  wheel,  usually  of  copper, 
rotates  with  its  lowest  points  dipping  into  a  little  insulated  pool  of 
mercury.    The  wheel   is   con- 
nected through  its  bearings  with 
one  pole  of  a  battery,  the  mer- 
cury to  the  other  pole,  the  cur- 
rent Sowing  radially  upward  or 
downward   through   the  wheel. 
When   a   horseshoe   magnet  is 
broueht  over  the  wheel,  so  that  ™    ■    „  ,    .  ™..  ■ 

^  '  Fig.  t    BarloiT'aWliaeL 

the  portion  carrying  the  current 

ties  between  the  magnet-poles,  the  wheel  revolves  briskly,  the  direction 
of  rotation  changing  whenever  the  direction  of  the  current  or  the 
magnetic  field  is  reversed. 

Magnitude  of  the  Force  on  a  Wire  Carrying  a  Current.  If  the 
magnetic  field  has  one  line  of  force  per  square  centimeter,  and  one 
absolute  electromagnetic  unit  of  current  (10  ampere.s)  is  flowing  in 
the  conductor,  the  force  upon  each  linear  centimeter  of  the  conductor 
will  lie  one  dyne.  Hence,  since  the  effects  are  directly  proportional 
to  the  quantities  involved,  a  wire  L  centimeters  long,  lying  across  a 
field  of  B  lines  per  square  centimeter,  and  carrying  a  current  of  / 
amperes,  will  be  subjected  to  a  force  of: 

This  is  practically  a  corollary  of  the  definition  of  the  ampere  in  elec- 
tromagnetic measure.* 

This  expression  may  be  reduced  to  the  inch  and  pound  units 
which  are  more  common  in  American  shop  practice,  by  noting  that 
one  inch  equals  2.54  centimeters;  that  one  dyne  is  shy  *^^  *^^ 
weight  of  a  gram,  nearly;  and  that  453.59  grams,  or  nearly  445,000 
dynes,  equal  the  weight  of  one  pound.     Hence  the  force  F'  upon 

om  in  Ettclricily  and  Xagnttilm,  or  tkDj 
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a  wire  L"  inches  long,  lying  perpendicularly  across  a  field  of  B"  lines 
per  square  inch,  and  carrying  a  current  of  I  amperes,  will  be: 


or, 

L'  B"  I  L"  B''  I 


pounds,  approximately. 


2.54  X  445,000  X  10        11,303,000 

Upon  N  similar  wires,  the  force  will  be  N  times  as  great. 

Example.  Fourteen  hundred  conductors  of  a  certain  large  armature, 
each  11  inches  long,  lie  in  magnetic  fields  of  42,000  lines  per  w^uarc  inch. 
What  is  the  total  drag  upon  them  when  each  carries  a  current  of  60  am- 
peres? 


Solviion,  .  The  force  is: 

1,400  X  11  X  42,000  X  60 


=  4,318  pounds,  nearly. 


11.303.000 

EXAMPLE  FOR  PRACTICE 

Under  the  poles  of  a  certain  25-kilowatt  machine,  there  are  225 
conductors,  each  6i  inches  long,  in  magnetic  fields  of  40,000  lines  per 
square  inch.  What  current  must  flow,  in  each  conductor  in  order 
to  give  a  total  rotative  force  of  200  pounds? 

Ans.     38.64  amperes,  nearly. 

In  considering  questions  like  the  above,  it  is  important  to  ob- 
serve that  only  the  conductors  lying  beneath  the  poles  are  subjected 
to  these  forces;  and  that  the  current  in  the  individual  conductors  is 
not  the  full  current  of  the  machine,  but  only  a  fraction  of  it — one- 
half  in  the  case  of  bipolar  and  wave-wound  armatures;  and  one- 
fourth,  one-sixth,  or  less,  in  the  case  of  lap- wound  armatures,  ac- 
cording as  the  machine  has  four,  six,  or  more  poles. 

It  will  now  be  clear  that  the  driving  force  upon  a  dynamo  arma- 
ture must  be  increased  in  direct  proportion  to  the  load  put  upon  the 
machine,  and  that  the  force  causing  a  motor  armature  to  rotate  also 
depends  on  the  current  in  it.  The  dynamo  current  is  determined  by 
Ohm's  law,  and  the  engine  or  water-wheel  governor  takes  care  of  the 
power  supply;  but  the  way  in  which  the  electric  motor  adapts  itself 
to  the  variations  in  its  work,  taking  always  just  the  necessary  current 
for  the  work  in  hand,  is  not  so  clear  at  first  sight.  The  explanation 
involves  a  most  important  property  of  the  machine,  known  as  the 
counier-eleciromotive  force. 
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Counter-E.M.F.  of  a  Motor.  Since  the  armature  wires  rotate 
in  magnetic  fields,  exactly  as  in  the  case  of  the  dynamo,  all  the  con- 
ditions for  the  generation  of  E.M.F.  are  fulfilled;  and  we  should 
expect  the  motor  armature  to  generate  an  E.M.F.  accordingly,  while 
in  motion.  The  existence  of  such  an  E.M.F.,  and  its  direction,  may 
be  shown  by  the  following  experiment: 

Take  a  small  shunt-wound  motor,  and  connect  it  as  for  ordinary 
running,  but  with  the  addition  of  a  suitable  incandescent  lamp  L  and 
an  ammeter  A  across  the  arma- 
ture terminals,  as  shown  in  Fig.  5. 
When  the  motor  is  running,  the 
lamp  will  glow,  obviously  supplied 
from  the  line;  and  the  ammeter 
will  show  the  direction  of  the  cur- 
rent through  it,  as  indicated  by 
the  arrow  at  L.  The  dotted  ar- 
rows show  the  direction  of  the 
current  in  the  other  parts  of  the 
circuit.  Now  let  the  double-pole 
switch  be  opened;  so  far  as  the 
electrical  conditions  are  concerned, 
the  circuits  may  then  be  repre- 
sented by  Fig.  6;  and  the  machine 
will  run  for  a  little  while  as  a 
dynamo,  driven  by  the  energy 
stored  in  the  rotating  armature. 
The  lamp  still  glows,  and  the  ani- 
meter  shows  that  the  current 
through  it  is  in  the  original  di- 
rection, dying  out  as  the  armature  slows  down  to  rest.  Since  the 
source  of  E.M.F.  in  the  system  is  the  revolving  armature,  and  the 
direction  of  the  current  through  the  ammeter  is  known,  it  follows 
that  in  the  other  parts  of  the  circuit  the  current  must  flow  as  indi- 
cated by  the  dotted  arrows  in  Fig.  6.  The  reversal  of  tlie  current 
in  the  armature  can  be  shown  directly  by  putting  a  second  ammeter 
into  the  armature  circuit,  as  indicated  at  B,  Fig.  6,  but  the  experi- 
ment can  be  performed  equally  well  without  it. 

This  experiment  is  very  instructive  if  performed  with  a  motor 


Fig.  5. 


f/e/d 


Motor  Connections  to  Show 
Counter-E.M.F. 
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of  several  horse-power.  The  experimenter  should  prevent  the  arm 
of  the  starting  rheostat  from  flying  back  until  the  armature  has 
entirely  ceased  to  revolve. 

A  comparison  of  Figs.  5  and  6  now  brings  the  conclusion  that  the 
direction  of  the  current  in  the  various  parts  of  the  circuit  must  be 
due  to  the  existence  of  an  E.M.F.  in  the  revolving  motor  armature 
which  is  opposite  in  direction  to  the  line  E.M.F.,  and  hence  opposes 
the  flow  of  current  through  the  armature.     For  this  reason  it  is 

called  the  counier-E.M.F.  The 
electrical  difference,  therefore,  be- 
tween a  dynamo  and  a  motor 
is  that  in  the  dynamo  the  current 
flows  with  the  E.^M.F.  of  the  ar- 
mature,  while  in  the  motor  it 
flows  against  it. 

Fundamental  Motor  Equation. 
From  the  above  it  follows  that 
the  current  through  the  revolving 
motor  armature  is  always  less 
than  the  value  obtained  bv  sim- 
pie  calculation  from  Ohm's  law, 
because  E,  the  line  E.M.F.,  is 
partially  neutralized  by  r,  the  op- 
posing counter-E.M.F.  Hence  the  fundamental  motor  equation  may 
be  written: 


Held 

Fig.  6.    Currents  In  Motor  Circuits  after 
Optjnlng  Main  Switch. 


/  = 


K-e 
R    ' 


(0 


in  which  /  represents  the  current  through  the  armature,  and  R  the 
resistance  of  the  armature  circuit — armature,  brush  gear,  and  any 
other  resistance  that  may  be  present. 

The  counter-E.M.F.  is  not  readily  measured;  it  is  best  calcu- 
lated from  Equation  1  with  a  knowledge  of  the  other  thi-ee  quanti- 
ties, which  are  easily  measurable. 

Example.  A  certain  motor  armature  with  its  brush  gear  has  a  resist- 
ance of  0.188  ohm;  and  when  running  at  a  certain  speed,  takes  a  current  of 
55  amperes  from  a  220- volt  line.  What  counter-E.  M.  F.  is  developed  under 
these  conditions? 

Solution.     Substituting  the  given  values  in  Equation  1,  we  have: 

^^~    0.188'  ' 
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whence, 

c  -  200.00  volts. 

EXAMPLE  FOR  PRACTICE 

What  current  will  flow  through  the  above  armature  when  its 
counter-E.M.F,  is  nine-tenths  of  the  line  voltage? 

Axs.     117  amperes,  nearly. 

From  these  considerations  it  is  plain  that  in  the  absence  of 
other  resistance  in  the  armature  circuit  than  that  of  the  armature 
itself,  a  slight  change  in  the  counter-E.M.F.  may  make  a  great  dif- 
ference in  the  strength  of  the  current  flowing.  Further,  since  tlie 
figures  are  taken  from  actual  machines,  it  is  to  be  noted  that  under 
ordinary  running  conditions  the  counter-E.M.F.  rises  well  up  toward 
the  value  of  the  line  E.M.F.  It  can  of  course  never  quite  equal  the 
line  E.M.F.,  for  in  that  case  no  current  would  flow;  and  even  when 
running  without  load,  the  friction  and  electrical  losses  of  the  motor 
absorb  some  power,  so  that  a  small  fraction  of  the  full-load  current 
will  flow,  though  the  armature  delivers  no  power  at  the  pulley. 

Efficiency  and  Losses.  The  energy-losses  of  the  motor  are  the 
same  as  those  of  the  dynamo,  and  may  be  classified  under  two  heads : 

Electrical  Losses: 
(a)  PR  losses  in  armature  conductors  and  brush  gear. 
(6)  PR  losses  in  field  windings. 

Stray-Power  Losses: 

(c)  Friction:  of  bearings,  brushes,  and  air-currents. 

(d)  Iron  losses:  eddy  currents  in  armature    core,  teeth,  and    magnet-poles; 

hysteresis  in  armature  core  and  teeth. 

(e)  Commutator  losses:  wasteful  currents  in  coils  during  commutation. 
(/)  Eddy  currents  in  armature  conductors. 

The  electrical  losses  (a)  and  (h)  are  measurable  without  much 
trouble;  the  others  are  very  difficult  to  obtain  separately,  and  are 
usually  taken  together  under  the  general  name  stray  power.  For 
shunt  motors,  the  field  PR  loss  is  independent  of  the  load ;  the  arma- 
ture PR,  of  course,  varies  with  the  load.  In  the  series  motor,  both 
field  and  armature  PR  vary  with  the  load,  since  the  same  current 
passes  through  both.  The  stray-power  loss  is  nearly  constant  for 
ordinary  operating  conditions,  though  it  increases  slightly  with  the 
speed  of  the  armature. 

The  commercial  efficiency  ^of  a  motor  is  simply  the  fraction 
of  the  power  supplied  that  is  available  at  the  shaft;  that  is,  it  is  the 
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ratio  of  the  power  delivered  to  the  power  supplied;  or,  in  the  form 
of  an  equation; 

,=  Efficiency  =  ^*P-"*  =  Input -Losses  ^2) 

Input  Input 

The  following  table  shows  average  values  for  the  commercial 
efficiency  of  ordinary  motors  of  various  sizes,  at  full  load: 

TABLE  1 
Commercial  Efficiency  of  Ordinary  Motors 


Full  Load 
HP. 

Efficikncv 
U'er  Cent) 

0.02  (Fans) 

;jo 

0.05       " 

42 

0.1 

50 

0.5 

03 

1. 

70 

5. 

82 

10. 

85 

25. 

88 

r>o. 

89 . 5 

100. 

91 

200. 

92.5 

The  low  figures  for  small  motors  are  caused  by  disprofwrtionately  large 
field  PR  and  friction  losses. 

Variation  of  Efficiency  with  Load.  ITie  efficiency  varies  with 
the  load,  because  some  of  the  losses  are  constant  and  some  variable, 
the  chief  variable  being  the  armature  Pi?.  When  the  motor  is  run- 
ning idle,  the  current  is  small,  and  all  its  energy  goes  to  supply  the 
losses,  the  commercial  efficiency  being  therefore  zero.  As  the  motor 
is  loade<l,  the  output  at  first  increases  faster  than  the  losses,  and  the 
efficiency  rises  rapidly,  reaching  a  maximum  at  a  certain  load  which 
depends  on  the  design  of  the  machine.  AYhcn  the  load  is  very  heavy, 
the  great  increase  in  the  armature/-/?  causes  the  efficiency  to  fall  again. 

The  efficiency  is  a  maximum  when  the  constant  and  variable 
losses  are  equal — for  example,  in  the  case  of  a  shunt  motor,  when  the 
armature  PR  loss  equals  the  sum  of  the  stray-power  and  field  PR 
losses.*     Since  the  distribution  of  the  losses  may  be  controlled  by 


*This  proposition  may  be  proved  by  algebraic  methods,  as  follows: 

Denoting  by  S  the  .sum  of  the  tield  J^Ji  loss  and  the  stray  power,  the  efficiency  may 

be  written : 

A7      I^Jl S  _     _  /in_      jS_  \ 

£1  ~         [I'^Eir 


«  =  Efficiency 
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the  designer  within  fairly  wide  limits,  it  follows  that  a  motor  (or  a 
dynamo)  may  be  designed  to  show  its  maximum  efficiency  at  any 
specified  fraction  of  its  full  load,  or  even  at  overload,  though  the 
latter  is  unusual.  Motors  should  be  designed  to  have  their  maximum 
efficiency  with  the  load  at  which  they  are  most  used.  An  ordinary 
shop  motor  should  show  a  maximum  at  about  75  per  cent  of  its  full 
rated  load;  a  street-railway  motor,  at  about  two-thirds  of  the  maxi- 
mum power  it  is  expected  to  develop  (see  Fig.  33);  a  fan  motor,  at 
its  full  load;  and  so  on.  A  motor  with  large  constant  losses  and 
small  variable  losses  will  have  a  low  efficiency  at  light  loads,  and  a 
high  one  at  full  load;  while  a  machine  with  small  constant  and  large 
variable  losses  will  have  a  much  higher  efficiency  at  light  loads  than 
at  full  load.  The  most  important  point  is  not  the  full-load  efficiency, 
but  rather  the  maximum  efficiency,  coupled  with  another  figure 
which  we  may  call  the  aUrday  efficiency, 

All-Day  Efficiency.  This  is  a  matter  of  some  importance  in 
practice.  It  is  simply  the  ratio  between  the  work  obtained  from  the 
motor  during  the  day,  and  the  energy  taken  from  the  line  in  the 
same  time. 

The  difference  between  the  performances  of  different  machines 
in  this  respect,  is  best  shown  by  an  example.  Suppose  we  have 
two  100-horse-power  motors,  motor  A  having  constant  losses  of 
2,700  watts,  and  armature  PR  losses  of  6,400  watts;  and  motor  B 
having  constant  losses  of  4,800  watts,  and  armature  PR  losses  of 
3,200  watts.     Suppose  them  to  run  through  a  9-hour  day,  and  that 

For  maximum  efflclency.  It  is  plain  that  ~„-  -f  -/,-  must  be  a  minimum;  or,  since 

a 

Sis  a  constant,  that  IR  +  y  must  bo  a  minimum.    The  sum  of  these  two  terms  will  be 

large  when  7  is  either  very  larp^e  or  very  small,  and  the  problem  is  to  determine  the  par- 
ticular value  of  I  for  which  it  will  be  smallest.    Denoting  the  sum  by  k,  we  may -write: 

/«  +  J'  =  A- (a) 


which  is  a  quadratic  equation  in  /.    Solving  this  by  ordinary  algebra  gives: 

/  = 


^  +  ^^>ywrrRs  ■ (b) 


2/rJ       2R 

Now,  since  a  negative  quantity  cannot  have  a  square  root,  the  quantity  under  the  radical 
sign  cannot  be  less  than  zero,  and  therefore  the  smallest  value  k  can  have  will  be  deter- 
mined from  the  equation ; 

A:»-4/?*S  =  0. (C) 

Inserting  in  (a)  the  value  of  X:  obtained  from  (c).  and  reducing,  gives  as  the  final  result 
liR  =  S\  or,  in  other  words,  when  a  motor  is  working  at  Its  highest  eftlciency,  the  arma- 
ture current  is  such  as  to  make  the  variable  losses  Just  equal  to  the  constant  losses. 
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24,300  watt-hours 

800 

0,400 

11),200 

;i7,:}00 

141),20() 

22;^,S00 

-'^  89  per  cent 


they  i:un  for  2  hours  at  quarter-load,  4  hours  at  half-load,  and  3  hours 
fully  loaded;  let  us  calculate  the  energy  actually  delivered,  and  the 
energy  taken  from  the  line.  Remembering  that  1  H.P.  =  746  watts, 
and  that  the  PR  loss  varies  as  the  square  of  the  current,  we  have, 
for  motor  .1,  the  following: 

Constant  Losseti:     2,700  watts  for  9  hours, 

/  R  Losses :     }y^  of  6,400  watts  for  2  hours, 

i  of  0,400  watts  for  4  hours, 

6,400  watts  for  3  hours, 

Output:     i  of  74,600  watts  for  2  hours, 

\  of  74,600  watts  for  4  hours, 

74,600  watts  for  3  hours 

Input  for  the  day:  461,000  watt-hours. 

The  all-da V  efficiency  is  therefore: 

Output  _  410,300 
Input     ~  461,000 

For  motor  /?,  we  have: 

Constant  Losses:     4,800  watts  for  9  hours,  43,200  watt-hours. 

PR  Losses:    }^  of  3,200  watts  for  2  hours,  400 

5  of  3,200  watts  for  4  hours,  3,200 

3,200  watts  for  3  hours,  9,000 

Output:  as  for  motor  A,  410,300 

Input  for  the  day:  466,700  watt-hours. 

Hence  the  all-day  efficiency  is: 

410,300       j,.o^...„f 
460,700=  ^'-^P^'""^*- 

Thus,  although  motor  B  has  a  higher  full-load  efficiency  than 
motor  A  (90.3  per  cent  as  compared  with  89.1  per  cent),  the  latter 
returns  the  larger  percentage  of  the  energy  put  into  it  during  the 
day,  the  difference  being  5,700  watt-hours,  or  5.7  kilowatt-hours  in 
favor  of  ^1.  It  is  thus  seen  to  be  a  matter  of  some  importance  to 
keep  the  constant  losses  down  to  the  lowest  point  consistent  with 
satisfactory  operation  in  other  respects;  and  machines  should  be 
selected  by  the  purchaser  with  reference  to  this  point,  as  well  as  for 
full-load  efficiency.  For  this  reason  the  efficiency  values  at  different 
loads  may  vary  several  per  cent  in  motors  of  different  but  equally 
good  design;  and  the  figures  in  the  preceding  efficiency  table  must 
be  regarded  as  only  approximate.  ]\Iost  shop  and  factory  motors 
arc  subjected  to  very  variable  loads;  and  the  average  load  of  a  large 
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number  of  motors  in  a  given  plant  will  often  be  found  to  be  consider- 
ably less  than  25  per  cent  of  the  total  rated  capacity  of  the  motors  in 
circuit.  With  motors  designed  upon  the  lines  mentioned  above,  it 
may  be  said  that  the  sa\4ng  at  average  day  loads  would  range  from 
4  per  cent  to  10  per  cent  in  the  larger  motors  (from  60  to  120  horse- 
power), up  to  a  saving  of  8  per  cent  to  15  per  cent  in  the  smaller 
motors.* 

EXAMPLE  FOR  PRACTICE 

Suppose  a  lOO-horse-power  motor  were  designed  so  as  to  have 
constant  losses  of  6,400  watts  and  armature  PR  losses  of  2,700  watts, 
and  that  it  works  under  the  same  conditions  as  those  given  for  motor 
A  in  the  preceding  example.  What  would  its  all-day  efficiency  be, 
and  how  much  more  energy  would  it  take  from  the  lines  in  one  day 
than  motor  A  ?  Ans.     85 . 7  per  cent ;  18  +  kilowatt-hours. 

Current  Required  by  Motors.  The  value  of  the  full-load  current 
is  usually  stamped  upon  the  name-plate  of  the  machine.  If  not,  it 
can  be  approximately  found  from  the  rated  output  by  assuming  a  value 
for  the  efficiencv. 

Example.  What  current  will  be  required  by  a  220-volt,  IS-horse- power 
motor? 

Solution.  From  Table  I  (p.  8),  the  efficiency  may  be  taken  as 
86  pej  cent.    The  output  is: 

15  X  746  =  11,190  watts. 
The  input  is: 

11,190 


0.86 

The  current  is  therefore: 


=  13,012  watts. 


13,012  watts 
220  volts      =59.1  amperes. 

EXAMPLES  FOR  PRACTICE 

1.  A  50-horse-power  motor  is  connected  to  a  500-volt  line 
which  will  carry  GO  amperes.  Can  the  motor  be  operated  at  full 
load?  Ans.     No. 

2.  Assuming  an  efficiency  of  88  per  cent,  what  is  the  maximum 
power  that  can  be  obtained  from  the  above  motor  without  over- 
loading the  line?  Ans.     35.4  horse-power,  nearly.  • 

•Bobart,  Electric  Moton,  1904. 
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Effect  of  Counter-E.M.F.  on  Efficiency.  At  first  sight  it  might 
appear  that  the  counter-E.M.F.  is  merely  an  incident  of  operation, 
or  at  least  a  hindrance  to  the  best  performance  of  the  machine;  but 
a  more  careful  study  of  the  question  shows  that  it  is  an  essential  factor 
in  the  economy  of  the  motor.  This  can  be  most  clearly  shown  by 
taking  the  artificially  simple  case  of  a  motor  whose  only  losses  are 
the  armature  7^7?.  This  would  be  very  nearly  realized  by  a  friction- 
less  magneto-motor.     Its  eflBlciency  v  would  be: 

"^  ~  Input  ~        lil        ~        E       '      '  '  '^   ' 

But, 

,      E  -  « 

whence, 

IR  -  E  -  c. 

Substituting  this  value  of  lit  in  Equation  3,  we  have: 

E  -(E  -e)       c  (A\ 

That  is,  the  efficiency  is  directly  proportional  to  the  counter-E.M.F. 

This  proposition  is  known  as  Siemens'  Law  of  Efficiency,  It 
should  not  be  understood  as  implying  anything  concerning  the 
output.  The  current  taken  by  the  motor  diminishes  as  the  counter- 
E.M.F.  rises;  and  the  power  delivered  also  diminishes  as  the  ar- 
mature approaches  full  speed.  But  the  equation  docs  mean  that 
the  power  delivered  per  ampere  taken  from  the  line  is  greater 
as  the  value  of  e  approaches  E\  and  therefore,  though  the  actual 
power  delivered  is  less,  the  available  percentage  of  the  line  energy 
is  greater  than  if  the  actual  output  were  larger.  For  this  reason 
it  is  entirely  possible  to  operate  a  motor  beyond  its  rated  ca- 
pacity, though  at  a  reduced  efficiency,  the  pcrmijsible  amount 
and  duration  of  the  overload  depending  chiefly  on  the  time  re- 
quired for  the  increased  losses  to  heat  up  the  machine  danger- 
ously. 

In  the  actual  motor,  where  other  losses  enter,  the  case  is  not 
quite  so  simple  and  direct  as  the  above;  but  the  difference  is  small, 
the  complete  equation  being: 

'  -J 
'   -       E     ' 
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in  which  S  is  the  sum  of  the  field  FR  and  the  stray  power,  as  on  page 
8.     The   fraction    y-  is  only  a  few  per  cent  of  E,  in  ordinary  running 

under  load,  so  that  the  Siemens  law  holds,  except  for  small  values 
of/ — that  is,  for  light  loads. 

So  it  follows  that  the  counter-E.M.F.  is  a  valuable  property  of 
the  motor,  to  be  cultivated  rather  than  ignored  or  eliminated;  and 
the  lack  of  success  of  early  tj^es  of  motors  was  in  part  due  to  a  failure 
to  realize  this.  In  other  words,  the  motor  should  be  designed  and 
operated  to  generate  an  E.M.F.  exactly  like  a  dynamo;  and  the 
formula  for  efficiency  shows  that  the  electrical  and  mechanical  losses 
should  be  kept  as  small  as  practicable.  The  requirements  for  dyna- 
mos and  motors  are  therefore  the  same,  and  it  should  now  be  clear 
that  they  must  be  designed  along  the  same  electrical  lines.  G)nse- 
quently  they  are  interchangeable. 

The  fact  that  a  dynamo  will  transmit  power  to  a  similar  machine 
as  a  motor  is  said  to  have  been  brought  to  light  by  a  Paris  workman  in 
1873,  who  accidentally  connected  the  wires  of  an  idle  dynamo  to  the 
terminals  of  one  in  operation,  whereupon  the  motionless  armature 
immediately  started  up  at  full  speed.  The  discovery  of  the  general 
principle  of  interchangeability,  however,  dates  back  to  1852,  and 
perhaps  earlier.* 

Torque.  The  torque  of  a  motor  is  the  turning  moment  or  twist 
exerted  upon  the  shaft.  Grasp  the  pulley  of  a  small  motor 'firmly 
in  the  hand,  and  close  the  switch;  a  strong  twisting  action  will  be 
felt,  which  will  set  the  armature  in  rapid  rotation  when  freed.  With 
the  armature  stationary,  the  torque  is  sometimes  called  static  torque, 
to  distinguish  it  from  the  rnntiivg  torque  of  the  rotating  arma- 
ture, available  at  the  pulley;  the  latter  is  less  than  the  former 
by  the  amount  necessary  to  overcome  armature  friction  and  core 
losses. 

Since  torque  is  caused  by  a  force  acting  at  the  end  of  a  lever  arm, 
it  is  measured  by  the  product  of  the  force  and  the  length  of  the  arm — 
for  example,  by  the  product  of  the  working  pull  of  the  belt  and  the 
radius  of  the  pulley ;  or  by  the  force  upon  the  armature  wires,  multi- 
plied by  their  average  distance  from  the  axis  of  the  shaft.  This  prod- 
uct   is    generally  expressed  in  pound-} ccf,  which  term    denotes  the 

*S.  p.  Thompson,  Dynamo- Electric  Machinery,  Edition  of  1888.  p.  18. 
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pull  in  pounds  multiplied  by  the  length  of  the  lever  arm  in  feet.* 
Thus  a  torque  of  00  pound-feet  may  represent  a  working  belt-pull 
of  60  pounds  on  a  pulley  1  foot  in  radius,  or  a  pull  of  72  pounds  on 
a  pulley  whose  diameter  is  20  inches,  or  any  other  combination  of 
force  and  arm  whose  product  is  (JO  pound-feet.  For  simplicity, 
torque  is  sometimes  cxpresstHl  in  pounds  only,  a  radius  of  one  foot 
being  understood  or  implied;  but  this  is  liable  to  cause  confusion, 
because  torque  is  not  a  force,  but  the  moment  of  a  force,  and  the 
radius  of  its  action  should  always  be  given. 

EXAMPLE  FOR  PRACTICE 

If  a  motor  has  a  torque  of  40  pound-feet,  what  pull  will  be 
exerted  at  the  rim  of  a  pulley  16  inches  in  diameter? 

Ans.    60  pounds. 

The  torque  of  a  motor  may  be  measured  by  means  of  a  Prony 
or  friction  brake.     The  arrangement  of  the  apparatus  is  shown  in 


Fig.  7,    Friction  Brake. 

Fig.  7.  P  is  the  motor  pulley,  .1  and  C  blocks  of  hardwood  clamped 
against  it,  the  pressure  being  regulated  by  the  wing-nuts  e  c.  The 
lever  L,  which  may  he  of  any  coiivenient  length,  is  counterbalanced 
by  the  weight  ic.  When  the  pulley  rotates  in  the  direction  of  the 
arrow,  the  friction  un  the  blocks  tends  to  raise  the  weight  W;  and 
by  adjusting  the  pressure  on  the  i>locks  and  varying  W,  a  balance 
may  be  obtained,  no  tliat  W  when  hanging  free  just  neutralizes  the 
tendency  of  the  lever  7,  to  r.ivolvc.  The  torque  of  the  motor  is  then 
W  X  li,  where  R  is  the  perpendicular  distance  from  the  axis  of  the 
shaft  to  the  line  of  support  of  If. 
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To  find  the  torque  when  the  motor  is  running  at  a  certain  speed 
or  is  taking  a  certain  current,  the  nuts  e  e,  must  l)e  adjusted  until 
the  speed  or  current  is  as  desired,  preventing  the  lever  L  from  revolv- 
ing by  stops,  and  then  varying  W  until  a  balance  is  obtained,  when 
the  stops  are  taken  away.  In  making  the  measurement,  it  may  be 
necessary  to  allow  a  little  water  to  run  upon  the  inside  of  the  pulley, 
to  absorb  the  heat  generated  by  the  friction.  The  wood  blocks  run 
best  when  dry,  and  a  little  smoke  does  no  harm  to  the  measurement. 
Instead  of  an  adjustable  weight  W ,  a  spring  balance  is  more  con- 
venient. This  is  a  very  satisfactory  method  of  testing  small  motors; 
for  large  ones,  the  heat  is  too  great  to  h(»  readily  dissipated  unless  a 
special  pulley  is  used  which  will  hold  water  inside  die  rim. 

The  pmver  of  a  motor  is  the  product  of  the  torque  and  the  speed. 
For,  if  a  force  W  acts  at  the  end  of  an  arm  Jl  fastened  to  a  shaft,  in 
one  revolution  the  distance  traversed  by  the  point  of  application  of 
the  force  is  2  t:  R,  and  the  work  done  2  t:  R  X  T.  In  the  case  repre- 
sented by  Fig.  7,  the  work  done  by  the  revolving  shaft  is  the  same 
as  if  a  weight  IF  were  being  continually  wound  up  on  a  pulley  of 
radius  R.  If  the  shaft  revolves  N  times  per  minute,  the  work  done 
per  minute  is2  7:RW  X  N;  or,  since  RJV  is  the  torque,  we  may  write: 

Power  =  2  ;r  X  Torque  X  Speed. (5) 

Denoting  the  torque  by  T,  we  have  the  further  result: 

Horse-Power  =  -  .^.^^^■^- (6) 

From  Equations  5  and  6,  it  follows  that  different  motors  of  the 
same  power  may  have  very  different  properties.  They  may  give 
a  strong  torque  at  low  speed,  or  a  light  torque  at  high  speed,  or  may 
have  intermediate  values  of  both,  different  kinds  of  work  requiring 
one  property  or  the  other.  From  the  discussion  on  page  3,  it  follows 
that  the  actual  force  upon  the  armature  wires  depends  upon  their 
number  and  on  the  strength  of  the  field,  and  the  tonjue  will  also  vary 
with  the  diameter  of  the  armature.  A  strong  torque  will  therefore  be 
obtained  by  using  an  armature  of  large  diameter,  with  many  wires 
revolving  in  a  strong  field;  but  since  these  are  just  the  conditions  for 
a  high  E.M.F.,  such  an  armature  will  generate  its  full  counter-E.M.F. 
at  a  lower  speed  than  a  smaller  armature  with  fewer  wires;  that  is, 
for  a  given  voltage,  the  high-torque  armature  will  run  at  relatively 
slow  speed. 
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With  the  aid  of  Equation  6,  it  is  a  simple  matter  to  measure  the 
output  of  a  motor  by  the  brake. 

Example.  For  a  certain  motor  the  distance  R  was  30  inches,  the  weight 
W  12 A  pounds,  and  the  sfx'ed  1,400  revohitions  per  minute.  What  horse- 
power was  developed? 

Solution,     Sincr  R  must  be  expressed  in  feet, 
r  =  2.5  X  12.4  =  31  pound-feet. 

Substituting  this  vakie  of  T  in  Equation  G,  gives: 

2^^^3.14j()  y  31  X  1,400 
33,000 


Horse-Power  = 


8.2/^ 


Ans. 


EXAMPLE  FOR  PRACTICE 


A  500- volt  motor  rated  at  15  horse-power  takes  a  current  of 
25  amperes  when  driving  a  certain  machine.  It  is  then  disconnected 
and  fitted  with  a  brake;  und  a  test  shows  that  with  II  =  32  inches. 


Fig.  8.'  Armature  Reaction  in  Motor. 

and  the  wing-nuts  adjusted  until  the  current  is  25  amperes,  the  speed 
is  756  revolutions  per  minute;  and  IF  =  36  pounds.     What  is  (a)* 
the  actual  horse-power  needed  to  drive  the  machine;  and  (6)  the 
efficiency  of  the  motor?  Ans.     13.8  horse-power,  nearly. 

82 . 3  per  cent. 
Armature  Reaction  In  Motors.  In  a  motor  the  direction  of  the 
armature  current,  and  hence  the  direction  of  its  magnetic  field,  are 
opposite  to  those  in  a  generator.  The  resultant  field  in  the  motor 
armature  and  air-gap  will  therefore  he  as  shown  in  Fig.  8.  It  is 
evident  that  the  neutral  points  are  shifted  backwards,  while  in  a 
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generator  they  are  shifted  forwards;  hence  for  good  commutation 
the  brushes  must  be  shifted  against  the  rotation,  while  in  the  dynamo 
they  are  shifted  with  it.  Most  motors  are  required  to  operate  with- 
out change  of  brush  lead  throughout  the  entire  range  of  load;  and 
this  necessitates  careful  design,  to  the  end  that  the  field-magnets 
shall  entirely  overpower  the  armature  reaction  and  keep  the  distor- 
tion of  the  field  small,  so  that  commutation  may  be  good  with  the 
brushes  fixed  in  position,  no  matter  what  thq  load  may  be.  Many 
motors,  particularly  railway  motors,  must  in  addition  run  in  either 
direction;  and  this  requires  fixing  the  brushes  at  tlie  no-load  neutral 
point.  Such  motors,  however,  cannot  give  as  good  commutation  as 
those  in  which  the  brushes  may  be  set  backwards — a  fact  which  is 
shown  by  the  more  rapid  roughening  and  wear  of  ihe  commutator 
and  brushes.  Nearly  all  motors  are  operated  on  constant-potential 
circuits,  and  carbon  brushes  are  used  almost  without  exception. 

Qeneral  Speed  Formula.  The  factors  upon  which  the  speed  of 
a  motor  depends  can  be  obtained  as  follows : 

The  counter-E.M.F.  depends  upon  the  strength  of  the  field  /, 
the  number  of  armature  conductors  s,  and  the  speed  of  rotation  s. 
Hence  we  may  write  e  ^  .y/z,  or,  in  the  form  of  an  equation, 

e  =  k  s  f  Zf 

in  which  kisa,  constant  depending  on  the  design  of  the  motor.  Sub- 
stituting this  value  of  e  in  Equation  1,  we  have: 

E  -  e        E   -   k  s  f  z 
R  R  ' 

and,  solving  for  s, 

E  -  IR 
'  '~'"     kfz     

As  already  stated,  IR  is  only  from  3  per  cent  to  5  per  cent  of  E 
in  motors  of  ordinary  size;  and  if  we  disregard  it,  we  may  write  the 
simple  relation: 

E 


(7) 


S  — 


(8) 


kfz 

That  is,  the  speed  of  a  motor  is  directly  proportional  to  the  E.M.F. 
at  the  brushes,  and  inversely  proportional  to  the  number  of  con- 
ductors on  the  armature  and  the  strength  of  the  field. 

Other  conditions  remaining  the  same,  it  is  plain  that  an  increase 
in  E  will  increase  the  speed,  for  increased  E  increases  the  current 
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and  therefore  the  torque,  and  the  speed  must  evidently  rise  as  an 
immediate  conse(juence.  But  at  first  sight  it  is  not  so  clear  that  the 
same  result  will  be  produced  by  weakening  the  field.  The  reason 
may  be  seen,  however,  by  anticipating  the  result  of  the  calculation 
on  page  20,  where  it  is  shown  that  any  reduction  of  the  counter- 


f 


f         f 

vvmw — mfmr 


f 


-m/m — mAm — s/m^ — m/mr- 


-vHWH^ — kvwvm — m/m — Mwrn- 

;Fig.  9.   Series-Parallel  Connections  of  Four  Motors. 

E.M.F.  increases  the  current  in  a  much  greater  ratio.  In  the  ex- 
ample there  given,  reducing  the  field  strength  1  per  cent  increases 
the  armature  current  24  per  cent,  so  that  the  actual  increase  in  the 
torque  is  ^^^V  of  24  per  cent  (or  23 .  76  per  cent),  or  practically  in 
proportion  to  the  current.  Hence  the  speed  increases,  the  increascfl 
current  much  more  than  compensating  for  the  slight  diminution 
in  the  field  strength. 

It  is  often  desirable  to  vary  the  speed  of  a  motor,  and  Equation 
8  thus  gives  the  three  general  methods  for  accomplishing  the  desired 
result — namely : 

(1)  By  varying  the  E.M.F,  at  the  brushes. 

(2)  By  varying  the  strength  of  the  field. 

(3)  By  changing  the  number  of  wires  on  the  arnmture. 
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Of  these,  methods  1  and  2  diflfer  in  details  with  different  type?  of 
motor,  and  are  discussed  under  each  type.  Method  3  is  not  practi- 
cable, since  for  satisfactory  operation  it  would  involve  several  inde- 
pendent windings,  each  with  its  own  commutator.  But  where  several 
motors  drive  one  machine,  the  same  result  can  be  obtained  by  con- 
necting the  motor  armatures  in  series  or  parallel  combinations.  Thus 
two  motors  may  have  their  armatures  connected  in  series  or  parallel 
by  a  suitable  switch  or  controller;  in  the  first  case,  half  the  line  E  is 
supplied  to  each  armature;  In  the  second  case,  the  full  E..  With 
four  motors  the  connections  might  be  made  as  shown  in  Fig.  9,  giving 
speeds  in  the  ratio  1:2:4  with  the  arrangements  A,  B,  and  C,  respec- 
tively, the  motor  fields  /  being  kept  constant.  In  the  actual  case, 
however,  two-motor  or  four-motor  combinations  are  used  onlv  in 
railway  work;  and  four-motor  sets  are  operated  with  the  motors 
connected  in  pairs,  like  a  two-motor  equipment;  in  the  latter  case 
the  additional  flexibility  of  operation  does  not  justify  the  extra  com- 
plication introduced  by  taking  the  four  as  separate  units.  In  general, 
this  method  of  speed  regulation  is  favorable  to  economical  working, 
for  the  use  of  wasteful  resistances  is  much  reduced;  but  it  does  not 
warrant  the  installation  of  two  motors  when  one  will  do  the  work. 

CLASSES  OF  MOTORS 

The  preceding  propositions  are  true  for  all  classes  of  direct- 
current  motors;  but  there  are  also  many  special  properties  de- 
pending on  the  relations  that  exist  between  the  armature  and  field, 
so  that  it  is  next  necessary  to  classify  motors,  like  dynamos,  with 
respect  to  the  different  methods  of  exciting  the  field.  We  have, 
accordingly: 

1.  Magneto  motors. 

2.  Shunt  motors. 

3.  Series  motors. 

4.  Compound  motors. 

Magneto  Motors*  .  Because  of  the  difficulty  of  making  them 
self-exciting,  very  small  dynamos  are  built  with  permanently  mag- 
netized fields.  With  motors,  however,  there  is  no  such  difficulty  in 
obtaining  the  field,  so  that  the  magneto  motor  is  not  used,  except 
where  rotation  in  one  direction  or  the  other  is  desired  by  simply  re- 
versing the  current  without  further  complication.  This  is  some- 
times required  in  light  mechanisms  or  controlling  apparatus. 
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SHUNT  MOTORS 

To  this  class  belong  most  of  the  motors  used  for  all  direct- 
current  power  service  except  railway  work.  The  construction  and 
electrical  connections  are  exactly  the  same  as  for  shunt  dynamos, 
and  any  good  shunt  dynamo  will  make  a  correspondingly  good 
motor.  Shunt  motors  are  practically  always  operated  on  constant- 
potential  circuits,  and,  except  at  starting,  the  electrical  connec- 
tions are  as  shown  in  Fig.  10,  both  armature  and  field  being  con- 
nected across  the  line.  Hence  the 
field  current  and  the  field  strength 
will  be  constant,  and  the  torque 
will  vary  directly  as  the  current 
through  the  armature,  the  current 
itself  being  determined  by  Equa- 
tion 1. 

The  action  of  the  shunt  motor 
may  be  explained  as  follows : 
^    .n    n,        .4  ^     *  ai,„«*  *>r«*^«  Since  the  counter-E.M.F.  varies 

Fig.  10.    Ckinnections  of  Shunt  Motor 

when  Running.  ^  f^^  product of  thespecd,  Strength 

of  field,  and  number  of  armature  wires,  and  tlie  two  latter  fac- 
tors are  constant  in  tliis  case,  it  follows  that  any  change  in  the 
speed  will  cause  a  proportionate  change  in  the  counter-E.M.F.  e; 
but,  since  e  is  nearly  equal  to  E  (the  line  E.M.F.),  the  current  through 
the  armature  will  change  in  a  much  greater  ratio,  a  small  decrease 
in  the  counter-E.M.F.  causing  a  much  greater  increase  in  the  cur- 
rent, and  hence  in  the  power  delivered  by  the  motor.  For  example, 
if  the  counter-E.M.F.  of  a  125-volt  motor  is  120  volts  at  a  speed  of 
1,000  revolutions  per  minute,  and  the  armature  resistance  is  0.2  ohm^ 
the  current  at  this  speed  is: 

E  -  e       125  -  120 

— ^ —  =   -    7.   z =  25  amperes. 

If  an  additional  load  is  put  upon  the  armature,  it  naturally  slows 

down.     Suppose  it    to  slow  down  to  990  revolutions  per  minute. 

990 
The  counter-E.M.F.  will  then  decrease  to    '         of    120,  or  118.8 

1,000 

volts;  and  the  current  will  rise  to: 

125  -  118.8 

—    ^n  o  =  ol  amperes. 
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That  is,  a  decrease  of  1  per  cent  in  the  speed  causes  an  increase  of 
24  per  cent  in  the  current;  and  the  speed  will  continue  to  diminish 
until  the  current  increases  enough  to  supply  sufficient  power  to  pre- 
vent further  speed  reduction — that  is,  until  the  increased  input  equals 
the  increased  demand.  Similarly,  a  diminished  load  which  will  allow 
the  armature  to  speed  up  to  1,100  revolutions  per  minute  will  be 
accompanied  by  a  decrease  of  24  per  cent  in  the  current.  Small 
variations  of  speed  like  this  are  not  readily  noticed;  and  to  the  casual 
observer  the  motor  seems  to  adapt  itself  with  uncanny  knowledge  to 
its  work,  in  taking  without  apparent  effort  the  precise  current  for 
every  demand.  The  explanation  lies,  as  we  see,  in  the  fact  that  only 
a  slight  change  is  needed  in  the  delicate  balance  between  E  and  e  to 

iX 


Fig.  II.    Dem&KnetlzlnK  ESerC  oi 

accomplish  the  observed  result,  by  speed  variations  which  are  usually 
too  small  to  notice,  unless  very  sudden.  If  the  load  should  be  re- 
moved entirely,  there  is  no  tendency  for  the  motor  armature  to  race, 
for  every  slight  increase  in  the  speed  increases  c  and  diminishes  the 
flow  of  current  from  the  line,  thus  cutting  off  the  power  supply  when 
it  is  not  wanted. 

The  smaller  the  value  of  R,  the  greater  will  be  the  change  in  / 
for  a  given  change  in  e;  in  other  words,  the  smaller  will  be  the  varia- 
tions in  speed  with  changes  of  load.  Since  e  differs  from  E  by  IR, 
the  E.M.F.  required  to  send  the  current  through  the  ohmic  resistance 
of  the  armature,  and  in  well-designed  machines  IR  is  only  from  3  per 
cent  to  5  per  cent  of  E,  the  speed  falls  off  from  no  load  to  full  load 
only  by  this  small  percentage;  and  we  have  in  consequence  the  very 
valuable  ability  of  the  shunt  motor  to  run  at  practically  constant 
speed,  irrespective  of  the  load  upon  it.  The  small  variations  that 
actually  do  occur  are  not,  as  a  rule,  of  sufficient  importance  to  war- 
rant special  devices  for  their  correction. 
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EXAMPLE  FOR  PRACTICE] 

Calculate  the  current  through  the  ahove-mentioned  motor  when 
the  speed  is  1,UK)  revolutions  per  minute. 

Ans.    18.95  amperes. 

Effect  of  Annature  Reaction  on  Speed.  To  eliminate  sparking, 
we  have  seen  that  it  is  necessary  to  shift  the  brushes  of  a  motor  back- 
ward,  and  those  of  a  generator  forward.  In  both  cases,  there  is 
introduced  a  demagnetizing  belt  of  conductors,  which  weakens  the 
field.  This  is  illustrated  in  Fig.  11,  which  shows  the  motor  brushes 
drawn  backward  from  the  no-load  position.  This  action  creates  a 
demagnetizing  belt  of  conductors  lying  between  B^  and  b^,  and  be- 
tween B^  and  b^  As  the  motor  is  loaded,  the  field  is  therefore  pro- 
gressively weakened  by  the  increased  current  through  this  belt  of 
conductors,  and  the  counter-E.M.F.  reduced  correspondingly,  which 
tends  to  increase  the  speed.  Thus,  by  giving  considerable  back- 
ward lead  to  the  brushes,  it  is  possible  to  obtain  nearly  constant  speed 
at  all  loads.  Not  all  motors  are  designed  to  operate  with  so  great  a 
lead  as  this  would  often  require;  but  the  effect  is  always  present  in 
some  degree,  to  the  further  advantage  of  the  constant-speed  tendency 
of  the  shunt  motor. 

Speed  of  Shunt  Dynamo  Used  as  Motor.  If  a  shunt  dynamo 
is  used  as  a  motor  on  a  line  of  the  same  voltage,  its  speed  as  a  motor 
will  be  less  than  when  generating  the  line  voltage  as  a  dynamo.  To 
find  what  the  motor  speed  will  be,  we  may  proceed  as  follows: 

To  supply  I  amperes  to  the  line  at  E  volts,  E^,  the  E.M.F.  gen- 
erated in  the  armature,  must  be  ^^  =  ^  +  IHf  where  R  is  the 
armature  resistance,  because  some  of  die  E.M.F.  generated  is  ex- 
pended in  sending  the  current  through  the  armature  itself.  The 
E.M.F.  generated  in  the  armature  of  the  same  machine  used  as  a 

motor  is,  from  Equation  1 : 

e  ^  E  -  IR. 

Since  the  field  strength  is  the  same  in  the  two  cases,  both  being  sup- 
plied at  E  volts,  the  armature  E.M.F.'s  will  be  directly  proportional 
to  the  speed;  or. 

Motor  Speed     ^    e     ^  E^  =1-^^.  approximately..  .(9) 
Dynamo  Speed         /id         L  +  IR  h         '^^.  ^        \    / 

7  p 

Since  -vr  lies  ordinarily  between  0.03  and  0.05,  as  we  have  seen, 
E 
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it  follows  that  the  speed  of  a  given  machine  as  a  motor  will  be  gen- 
erally from  6  per  cent  to  10  per  cent  less  than  its  speed  as  a  :^j'namo. 
If,  however,  the  field  strength  is  not  constant,  either  because  of  arma^ 
ture  reaction  or  changes  in  the  field  current,  the  relation,  of  course, 
ceases  to  hold. 

EXAMPLE  FOR  PRACTICE 

A  certain  dynamo  is  rated  at  25  kilowatts  at  220  volts  and  600 
revolutions  per  minute.  Its  armature  resistance  is  0 .  08  ohm.  What 
is  its  full-load  speed  as  a  motor?  Ans.     650  r.p.m. 


Pig.  IS.    Force  on  Dynamo  Armature 
Conductor  Moving  Upward. 


Fig.  13.    Force  on  Motor  Armature 
Conductor  Moving  Upward. 


Direction  of  Rotation  of  Shunt  Motor.  To  examine  the  be- 
havior of  a  shunt  dynamo  used  as  a  motor,  a  modification  of  Fig.  3 
may  be  used.  Fig.  3  gives  the  general  directional  relations  between 
the  field,  current,  and  force  upon  an  armature  conductor;  and  Fig. 
12  represents  the  case  of  a  wire  on  a  dynamo  armature,  moving 
toward  the  top  of  the  page,  the  current  creating  a  force  on  the  wire 
which  is  against  the  direction  of  the  motion,  so  that  power  is  required 
to  keep  up  the  rotation.  Now,  if  the  machine  is  used  as  a  motor 
driven  by  current  from  the  same  line,  the  direction  of  the  field  remains 
the  same;  but  the  current  through  the  armature  is  reversed,  and  the 
field  of  Fig.  12  will  l)c  changed  to  that  of  Fig.  13.  The  force  on  the 
armature  wires  is  reversed,  and  is  now  in  the  direction  of  the  rotation, 


95 


24  DIRECT-CURRENT  MOTORS 


instead  of  against  it  as  in  the  dynamo;  consequently  the  annature 
will  rotate  in  the  direction  of  its  rotation  as  a  dyndmo.  The  reversal 
of  the  current  through  the  armature,  and  not  through  the  field,  is 
shown  in  Fig.  14. 

This  property  is  of  considerable  importance  when  shunt  dynamos 
are  operated  in  parallel.     If  reduced  speed  should  cause  the  E.M.F. 

of  any  machine  to  fall  slightly  be- 
low the  line  E.M.F.,  the  armature 
merely  continues  to  revolve  in  the 
same  direction  as  a  motor,  and 
no  harm  is  done. 

To  convert  a  shunt  dynamo 
into  a  motor,  therefore,  if  the  di- 
rection of  rotation  is  to  remain 

r\nr^r\r\r\r\r\rir\  ^^^  same,  no  change  whatever  is 

voIxic3ciix5^^  necessary.     A   starting   rheostat 

Pig.  14.  Direction  of  Current  In  Shunt       ^^^  ^^  added,  but  the  machine 

Dynamo  and  Motor.  j^^,f  ^^^  ^^  alteration. 

The  Starting  Resistance.  Very  small  motors  are  started  by 
simply  closing  the  switch  that  connects  them  to  the  line.  No  further 
apparatus  is  necessary,  especially  if  they  are  series-wound,  as  is  fre* 
quently  the  case  to  save  the  expense  of  a  fine-wire  shunt  winding. 
For  motors  larger  tlian  about  one-quarter  of  one  horse-power,  at 
full  speed,  the  counter-E.M.F.  prevents  the  current  from  exceeding 
safe  values;  but  at  starting,  e  is  of  course  zero;  and  since  R  is  always 
very  small,  the  rush  of  current  that  would  take  place  on  throwing  the 
full  line  voltage  upon  the  motionless  armature  would  blow  out  all 
the  fuses,  or  might  damage  the  armature  or  even  the  line  itself.  Hence 
it  becomes  necessary  to  insert  a  resistance  temporarily  in  the  arma- 
ture circuit,  cutting  it  out  gradually  as  the  speed  rises.  Such  a  re- 
sistance is  called  a  starting  rheostat  or  starting  box. 

The  diminution  of  current  through  the  armature  as  the  speed 
increases  may  be  easily  shown  by  putting  an  incandescent  lamp  of 
about  50  candle-power  in  series  with  the  armature  of  a  small  motor. 
Fan  motors  are  usually  series-wound;  and  with  such  it  is  enough 
to  put  the  lamp  anywhere  in  the  circuit  between  the  motor  and  the 
line.  Wlien  the  switch  is  clostxl,  the  lamp  burns  brighdy  for  a  mo- 
ment and  then  grows  dim  as  the  armature  speeds  up,  showing  that 


96 


DIRECT-CURRENT  MOTORS 


under  these  conditions  the  starting  current  is  much  greater  than  the 
running  current.  The  resistance  of  such  small  motors  is  high  enough 
to  prevent  damage  to  the  motor  during  the  two  or  three  seconds  re- 
quired to  come  to  full  speed,  even  though  no  starting  resistance  is 
used. 

The  starting  box  itself  consists  mainly  of  a  resistance  divided 
into  small  sections  and  arranged  with  suitable  contacts  so  that  by 
moving  the  arm  of  a  switch  the  sections  can  be  cut  out  one  after  an- 
other. At  full  speed,  the  entire  resistance  is  cut  out,  and  the  full 
line  E.M.F.  is  applied  to  the  armature  terminab.    The  resistance 
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itself  is  made  of  iron  wire  or  ribbon,  wound  upon  asbestos- in.sulated 
tubes  or  strips,  or  embedded  in  insulating  enamel. 

The  face  of  such  a  rheostat  has  the  general  appearance  shown  in 
Fig.  15,  which  shows  the  movable  switch  arm  A,  the  row  of  contact 
studs  B,  and  a  small  magnet  E  whose  function  will  be  explained  later. 
The  interior  of  a  rheostat  is  illustrated  in  Fig.  IC.  One  side  and  the 
bottom  of  the  box  are  shown  removed  for  inspection  of  the  i-esistance 
coils  or  for  repairs. 

■\Vhen  the  motor  is  of  50  horse-power  or  over,  the  sparking  that 
always  occurs  at  the  contact-studs  soon  burns  them  and  causes  trouble, 
and  the  form  of  rheostat  shown  in  Fig.  15  is  being  superseded  by  a 
tj-pe  in  which  the  sections  of  tlie  resistance  are  cut  out  by  separate 
switches.  One  such  form  is  shown  in  Fig.  17.  The  cut  represents 
a  multiple-switch   starter   for  a  500-horse-powcr,   220-volt   motor. 
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The  first  switch  on  the  left  is  held  closed  by  an  electromagnet  through 
which  the  field  current  passes;  and  the  other  switches  :ire  beid  by 
latches.  Each  switch  ha^  upon  it  a  metal  plate  which  prevents 
closing  it  until  the  switch  at  its  left  has  been  closed;  and  the  inter- 
locking mechanism  thus  obtained  prevents  a  careless  operator  from 
closing  the  switches  in  the  wrong  order.  When  the  current  is  cut  off, 
the  switt^h  on  the  left  is  opened  automatically  by  a  spring,  and  thia 


frees  the  switch  next  to  it;  this  opens  in  turn;  and  .so  on  until 
all  have  opened,  when  the  apparatus  is  ready  for  starting  the  motor 
again. 

In  starting  motor-generator  .sets,  rotary  converters,  and  other 
apparatus  where  the  starting  current  is  only  a  small  fraction  of  the 
running  current,  it  is  desirable  to  cut  out  the  entire  starting  mechanism 
after  full  .speed  is  attained.  In  siich  cases  a  simpler  starting  device 
is  often  used,  of  relatively  small  capacity  and  without  automatic 
attachments.  One  form  of  such  .starting  device  is  .shown  in  Fig.  18. 
The  picture  show.s  clearly  the  way  in  which  the  steps  of  the  resistance 
aJc  cut  out  as  the  switeh-biade  is  slowly  pushc-d  home.     This  switch 


DIRECT-CUHRENT  MOTORS  27 

is  placed  on  the  general  switchboard  of  the  apparatus,  and  the  re- 
sbtance  mounted  separately. 

The  maximum  resistance  R  of  the  starting  rheostat  is  deter- 
mined by  die  equation  R  ~  --,  where  /  is  the  current  retjuired  to 

start  the  motor.  Frequently  motora  must  start  under  load,  and 
the  nece3sr,ry  ^Carting  current  is 
considerably  eater  than  the 
norinal  .uil-Ioad  ninning  current 
— sometimes  two  or  three  times 
as  much.  Any  good  motor  viil 
safely  endure  this  .  overload  for 
the  15  or  30  seconds  required 
to  come  up  to  speed;  and  many 
starting  rheostats  are  designed 
to  carry  for  this  tin,;  a  50 
per  cent  excess  over  the  full- 
load  motor  current.  But  when 
a  greater  starting  current  than 
this  Is  needed,  or  when  it  is 
desirable  to  allow  the  motor  a 
minute  or  more  in  which  to  come 
up  to  speed,  the  ordinary  starting 
rheostat  is  liable  to  overhea',  and 
one  of  larger  size  must  be  in- 
stalled. With  a  box  designed  to 
start  the  motor  under  load,  the 
speed  will  rise  rather  quickly  if 

the  motor  is  not  loaded;  but  this  p..    ^^    muiu I'nim  swiun 

docs  no  harm  if  the  current  is  not      ^^""l^^^ri^n^iJfJJi'i't'^^uI^'I'JSL''"'"''"^ 
excessive. 

Electrical  Connections  of  Shunt  Motor.  Pig.  19  n-prcsents 
perhaps  the  simplest  method  of  wiring  a  .slmnt  motor  and  starting 
rheostat  on  constant-potential  mains.  From  the  line,  the  wirc.s  Iciid 
through  a  fuse-block  F  and  a  double-pole  switch  S.  If  the  motor 
is  a  large  one,  a  circuit-breaker  is  Ijctter  than  fnses.  On  tracing  out 
the  connections,  it  will  l>e  seen  that  when  the  switch  .S  is  closed  the 
current  flows  through  the  motor  fields.     ^Vith  the  rheostat  arm  a  m 


28 


DIRECT-CURRENT  MOTORS 


the  position  shown,  no  current  flows  through  the  armature;  but  on 
moving  the  arm  to  the  first  contact,  the  armature  circuit  is  closed 
through  the  resistance  R,  which  is  gradually  cut  out  as  the  handle  is 
moved  to  the  left.  Opening  the  main  switch  cuts  off  the  line  current, 
but  leaves  the  field  connected  across  the  armature  terminals,  as  in  a 
dynamo;  so  that,  as  the  motor  comes  to  rest,  the  fields  die  down 


Fig.  19.    Wiring  Connections  of  Shunt  Motor. 

gradually  without  the  destructive  flash  that  would  occur  if  the  field 
circuit  were  opened  suddenly  while  the  magnets  are  excited.  For 
this  reason  the  field  circuit  should  not  be  opened  first 

When  the  armature  has  come  nearly  to  rest,  the  rheostat  arm 
is  restored  to  the  original  position,  and  the  motor  is  re^y  for  starting 
again. 

Automatic  Release.  The  preceding  diagram  has  been  drawn  to 
reduce  the  principle  to  its  lowest  terras  and  to  keep  the  drawing 
clear;  but  in  practice  the  simple  rheostat  shown  is  seldom  used. 
After  the  motor  is  shut  down  by  opening  the  main  switch,  the  rheostat 
lever  must  be  moved  back  by  hand,  to  the  starting  position;  and 
this  is  an  operating  detail  that  is  very  easily  forgotten.  Consequently, 
when  the  motor  is  to  be  started  again,  the  position  of  the  arm  may 
not  be  noticed,  and  damage  may  be  done  by  closing  the  switch  with 
no  resistance  in  the  armature  circuit.  Furthermore,  the  power  supply 
may  be  cut  off  and  the  line  may  become  **dcad"  while  the  motor  is 
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running,  whereupon  the  motor  stops  of  itself  with  the  rheostat  arm 
in  the  running  position  as  before.  It  is  therefore  the  almost  universal 
custom  to  install  rheostats  which  are  arranged  to  allow  the  arm  to 
fly  back  automatically  to  the  off  position  whenever  the  power  is  shut 
off  from  the  motor.  One  method  of  accomplishing  thi?  is  to  connect 
the  auxiliary  or  retaining  magnet  shown  in  Fig.  15  in  series  with  the 
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Fig.  90.    Connections  of  Motor- Starting  Rheostat  with  No- Voltage  Release. 

motor  fields,  the  rheostat  arm  being  provided  with  a  spring  tending 
to  throw  it  back  into  the  off  position.  When  in  the  running 
position,  as  shown,  the  iron  arm  is  held  by  the  attraction  of  the 
magnet  against  the  force  of  the  spring;  but  when  the  motor  loses 
its  field,  the  magnet  loses  its  power,  and  the  spring  carries  the 
arm  back  into  the  off  position.  The  retaining  magnet  is  placed  in 
series  with  the  field  rather  than  the  armature,  because  it  is  thus  inde- 
pendent of  (he  load  on  the  machine,  and  in  addition  affords  protec- 
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tion  in  case  the  field  circuit  should  be  broken  while  running,  thus 
leaving  the  armature  without  any  counter-E.M.F. 

There  are  other  ways  of  accomplishing  the  same  result.  The 
one  shown  in  Fig.  20  represents  a  method  of  connection  employed 
by  the  General  Electric  Company.  Here,  as  may  be  seen  by  tracing 
out  the  connections,  the  retaining  magnet  is  connected  across  the  ar- 
mature terminals.  When  the  line  circuit  is  opened,  the  rheostat  arm 
is  held  by  the  current  generated  in  the  magnet-coils  by  the  armature 
E.  M.  F.,  until,  as  the  armature  slows  down,  the  magnet  weak- 
ens, and  the  spring  pulls  the  arm  over  into  the  starting  position. 

Wiring  Connections.  Figs.  15  and  19  are  typical.  The  ordinary 
starting  rheostat  has  three  terminals,  which  are  usually  marked 

Line,  Armahire,  and  Field  or 
ShwU  Field,  There  are  four  ter- 
minals on  the  motor  (a,  b,  c,  d. 
Fig.  21) — two  for  the  armature 
and  two  for  the  field;  but  one 
armature  and  one  field  terminal 
are  always  at  the  same  potential 
and  may  therefore  be  connected. 
Fig.  21.  Motor  Field  and  Armature  leaving  tliFcc  Separate  terminals 

Terminals.  ,  -    -  .  ^  ... 

c  ,  a,  and  b  on  the  motor,  which 
may  be  called  Lincy  Armature,  and  Field,  respectively. 

If  the  rheostat  terminals  are  marked  aa  above,  the  wiring  of  a 
shunt  motor  then  becomes  a  simple  matter.  After  putting  in  the 
fuses  and  double-pole  switch,  first  run  a  wire  from  one  pole  of  the 
switch  to  the  rheostat  terminal  marked  Line,  Run  a  second  wire 
from  the  Armature  tenninal  of  the  rheostat  to  the  free  terminal  a  of 
the  motor  armature,  and  a  third  wire  from  the  Field  terminal  of  the 
rheostat  to  the  free  teriniiuil  b  of  the  motor  field.  This  wire,  which 
carries  only  the  field  current,  may  often  be  made  smaller  than  the 
others.  Finally,  run  a  wire  from  c',  the  common  terminal  of  the 
motor  fielil  and  armature,  back  to  the  other  pole  of  the  switch. 

A  common  mistake  in  wiring  consists  in  interchanging  the  Line 
and  Armature  wares  at  the  starting  box.  On  the  first  contact-stud, 
this  puts  the  field  across  the  brushes  and  therefore  In  parallel  with  the 
jirmature,  both  being  in  series  with  the  starting  r(\sistanee.  Hence, 
since  most  of  the  line  E.M.F.  is  expended  in  the  resistance,  there  is 
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very  little  across  the  terminals  of  the  field  winding  and  the  armature; 
and  the  field  is  consequently  so  weak  that  tlie  motor  may  not  develop 
sufficient  starting  tonjue  unless  the  current  is  large  enough  to  injure 
the  starting  box.  This  is  one  of  the  first  places  to  look  for  the  trouble, 
if  a  motor  does  not  start  properly  when  first  installed. 

There  are  several  methods  of  arranging  the  connections  inside 
the  starting  box  itself,  as  shown  in  Fig.  22,  in  which  the  retaining  mag- 
net E  is  drawn  outside  the  box  for  clearness.  It  will  be  noticed  that 
tlie  only  difference  is  in  the  connection  of  the  field  circuit.  In 
the  upper  diagram,  closing  tlie 
switch  establishes  the  field  cir- 
cuit; while  in  the  lower  diagram, 
no  current  flows  until  the  rheo- 
stat arm  IS  moved  to  the  first 
stud.  In  the  lower  diagram 
the  starting  resistance  is  always 
in  the  field  circuit;  but  its  re 
sistance  is  so  small  compared 
with  that  of  the  field  coils  that 
its  effect  is  not  noticed.  By  an 
auxiliary  contact  m,  the  resist- 
ance is  sometimes  cut  out  en- 
tirely. The  little  magnet  E  takes  only  a  few  watts,  and  is  without 
effect  on  the  operation  of  the  motor. 

Overload  Release.  This  is  a  useful  addition  to  the  starting  box, 
for  the  purpose  of  cutting  the  motor  out  of  circuit  when  the  armature 
current  becomes  excessive,  without  relying  on  the  fuses  or  circuit- 
breaker.  It  consists  of  a  second  electromagnet  through  which  the 
armature  current  passes,  mounted  on  the  face  of  the  starting  box, 
and  provided  with  a  movable  armature  which  hangs  down  like  a 
hinge  below  th«  magnet-poles.  When  the  current  exceeds  the  proper 
strength,  the  armature  is  lifted  by  the  attraction  of  the  magnet  and 
presses  against  little  contact-pins,  short-circuiting  the  release  magnet 
holding  the  rheostat  arm,  whereupon  the  arm  at  once  flies  back  to 

the  off  position. 

This  device  is  not  intended  to  be  used  as  a  substitute  for  the 
fuses,  but  is  adjustable  and  useful  for  taking  care  of  overloads  not 
exceeding  about  50  per  cent.     Heavier  fuses  may  then  be  used,  giving 
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Fig.  tS.    Starting-Box  Connections. 
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the  necessary  protection  hut  saving  the  annoyance  of  frequently 
blown  fuses.  Fig,  23  shows  the  connectioas  of  a  rheostat  equipped 
with  an  overload  re!t:ase  of  this  tjpe. 

OPERATION  OF   MOTOR 
To  Start  the  Motor.     In  starting  the  motor,  the  following  direo 
lions  are  to  be  observed : 

1.     Close  the  main  switch.     According  to  the  method  of  con- 
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lu  Company,  .Scbanectsdy,  14.  Y. 

nection,  as  sho^m  in  Fig.  22,  this  will  either  establish  the  current 
through  the  field,  or  will  merely  bring  the  line  voltage  up  to  the  start- 
ing box. 

2.  Move  the  rheostat  lever  to  the  first  contact,  and  hold  it  there 
for  one  or  two  seconds. 

3.  Move  the  lever  to  the  second  stud,  and  hold  it  there  for 
about  one  second;  and  so  on,  until  all  the  studs  have  been  passed 
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over  and  the  resistance  is  short-circuited.  The  lever  should  then  be 
firmly  held  by  the  retaining  magnet.  The  entire  operation  should  not 
consume  more  than  15  to  30  seconds. 

If  the  motor  does  not  start  when  the  lever  is  on  the  third  stud, 
open  the  main  switch,  and  look  for  the  trouble.  It  may  be  due  to 
one  or  another  of  the  following  causes : 

1.  Overload. 

2.  An  open  circuit  somewhere. 

3.  A  short  circuit  somewhere. 

4.  Wrong  connections. 

No  cause  of  motor  trouble  is  more  common  than  simple  over- 
loading. Always  at  the  time  of  installation,  and  occasionally  there- 
after, an  ammeter  should  be  connected  into  the  motor  circuit,  and  its 
reading  compared  with  the  rated  current  of  the  motor.  Motors  are 
designed  to  do  their  work  with  but  little  attention.  They  frequently 
get  none  at  all;  belt,  commutator,  and  bearings  are  neglected;  ad- 
ditional machinery  is  put  into  the  shop  and  operated  from  the  original 
motor;  and  so  on — with  the  inevitable  result  of  overload. 

The  methods  of  locating  troubles  and  remedying  them,  and  of 
caring  for  dynamo-electric  machinery  in  general,  are  matters  of  such 
importance  that  their  full  discussion  requires  treatment  in  a  separate 
paper. 

To  Stop  the  Motor.  Open  the  main  switch.  The  motor  will 
run  for  a  little  time  by  its  own  momentum,  and  the  retaining  magnet 
will  not  allow  the  rheostat  arm  to  fly  back  until  the  armature  has 
slowed  down  considerably.  If  the  contact-studs  are  dirty,  the  lever 
may  not  move  readily  over  them;  and  if  it  does  not  fly  back  sharply, 
they  should  be  cleaned,  and  the  spring  on  the  lever  adjusted  if  neces- 
sary. 

Reversing  Direction  of  Rotation.  Most  motors  are  now  built 
with  radial  brushes,  and  may  rotate  equally  well  in  either  direction. 
To  reverse  the  rotation,  it  is  necessary  to  change  the  direction  either 
of  the  field  or  of  the  armature  current,  but  not  of  both,  since  the 
double  reversal  would  be  equivalent  to  turning  Fig.  3  over  twice, 
leaving  the  force  upon  the  armature,  and  consequently  the  rotation, 
in  the  same  direction  as  before. 

To  allow  easy  connection  for  rotation  in  either  direction,  some 
motors  are  provided  with  separate  field  and  armature  terminals,  as 
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shown  in  Fig.  24.     The  direction  of  the  armature  current  can  then 
be  reversed  by  changing  the  connections  as  shown. 

In  motors  which  are  to  be  reversed  while  in  operation,  the  arma- 
ture connections  are  the  ones  changed,  because  this  causes  less  severe 
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Fig.  84.    Connections  for  Reversing  a 
Motor. 


Fig.  S6.    Reversing  Switch. 
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Fig.  26.    Connections  of  Reyerslng  Switch. 


strains  on  the  insulation  than  reversing  the  highly  inductive  field 
circuit.  If  the  motor  is  merely  to  be  reversed  once  for  all,  the  brushes 
should  be  shifted  to  the  proper  lead  on  the  other  side  of  the  no-load 
position;  but  if  it  must  run  in  either  direction  while  at  work,  of  course 
no  lead  can  be  given  to  the  brushes,  and  they  must  be  fixed  per- 
manently in  the  no-load  position. 
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A  motor  should  never  be  reversed  while  running,  except  for  the 
most  necessary  reasons,  and  then  not  until  the  fidl  resistance  is  inserted 
in  the  armature  circuit.  For  with  the  line  E.M.F.  reversed,  the 
counter-E.M.F.  of  the  armature  is  for  a  moment  added  to  that  of 
the  line,  and  the  excessive  current  that  flows  brings  the  armature 
to  a  stop  with  a  severe  jolt  that  is  very  likely  to  cause  damage. 

Fig.  25  shows  one  form  of  reversing  switch;  and  Fig.  26,  the 
manner  of  its  con- 
nection into  the 
armature  circuit. 
In  Fig.  25,  H  and 
H  are  brass  bars 
pivoted  at  a  and  6, 
and  connected  by 
a  fiber  cross-piece 
K,  As  shown,  they 
are  in  contact  with 
the  studs  d  and  e. 
When  K  is  moved 
so  as  to  bring  the 
bars  on  the  studs 
c  and  d,  as  shown 
by  the  dotted  lines, 
it  is  easy  to  see 
that  the  current 
will  be  reversed 
in  the  circuit  AB, 

Fig.  27  shows,  at  a,  a  simple  and  satisfactory  reversing  switch 
made  by  cross-connecting  the  clips  of  an  ordinary  double-pole, 
double-throw  knife  switch.  The  line  circuit  is  connected  to  the  clips; 
the  circuit  to  be  reversed  is  connected  to  the  switch-blades;  and 
simply  throwing  the  switch  up  or  down  accomplishes  the  result. 

At  b  in  Fig.  27  is  shown  the  principle  of  cylinder  construction 
which,  in  a  more  elal)orate  form,  is  much  used  for  speed  controllers. 
In  the  diagram,  an  insulating  cylinder  carries  two  rows  of  contact- 
blocks  against  which  spring  contact-fingers  press,  connected  to  the 
various  terminals  of  the  motor  circuit.  When  the  cylinder  is  turned 
to  bring  the  blocks  j  and  k  into  contact  with  the  fingers,  the  current 
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Fig.  27.    Reversing  Switches. 
a--Knlfe  Switch;  6— Cylinder  Switch. 
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will  flow  downwards  through  the  motor  armature;  and  w^ith  the 
blocks  m,  n,  p,  and  q  in  contact,  the  current  will  flow  upwards.  It 
is  obvious  that  this  arrangement  may  be  extended  to  execute  much 
more  complicated  combinations  of  circuits,  by  the  use  of  more  fingers 
and  more  rows  of  contact-blocks;  and  in  a  highly  developed  form 
it  is  widely  used  for  controlling  the  motors  of  street-railways. 

Automatic  Starters.    The  control  of  a  motor  from  a  distance 
}''W^       ^^^  usually  involves  the  necessity 

of  a  self-starting  apparatus, 
by  which  all  the  motions  of 
the  starting  rheostat  are  auto- 
matically performed  on  clos- 
ing the  distant  control  switch. 
The  movement  of  the  rheostat 
arm  is  effected  by  a  solenoid, 
and  the  rate  of  its  motion  is 
governed  by  a  dashpot  filled 
with  oil.  A  valve  in  the  dash- 
pot  allows  the  total  time  of 
the  motion  to  be  varied  as 
required;  or  thick  or  thin  oil 
may  be  used  for  the  same 
purpose.  Perhaps  the  most 
common  instance  of  this  kind 
of  service  is  the  supply  of 
open  tanks  with  water,  and 
closed  reservoirs  with  com- 
pressed air.  In  the  first  case,  a  float  switch  starts  the  pump  when 
the  water  falls  below  a  certain  level,  and  stops  it  when  the  tank  is 
full;  in  the  second  case,  the  pressure  must  be  kept  within  certain 
limits,  and  a  diaphragm  valve  makes  and  breaks  the  control  circuit. 
Fig.  28  shows  a  self-starter  operated  by  a  float  switch.  This 
switch,  when  closed,  energizes  the  solenoid  of  the  main  switch  shown 
above  the  motor  in  the  diagram.  Closing  the  main  switch  also 
energizes  the  solenoid  on  the  rheostat  arm,  and  the  arm  rises,  thus 
starting  the  motor.  At  the  end  of  its  travel,  the  arm  breaks  a  con- 
tact, and  by  so  doing  inserts  an  incandescent  lamp  in  the  circuit  of 
the  solenoid,  preventing  overheating,  a  small  current  being  enough 


Pig.  28.    Self-Starter  Used  with  Motor-Driven 

Pump. 
Cutler-Hammer  Mfg.  Co.,  Milwaukee,  Wis. 
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to  hold  the  arm  in  place.  The  motion  of  the  arm  also  inserts  a  lamp 
resistance  in  the  circuit  of  the  main  switch  solenoid,  as  a  safety  device. 
For  if  the  main  switch  is  opened,  and  then  closed  before  the  rheostat 
arm  has  inserted  all  the  resistance  into  the  motor  circuit,  the  rush  of 
current  might  blow  the  fuses;  but  the  lamp  is  short-circuited  only  in 
the  off  position  of  the  arm;  and  only  under  these  conditions  is  the 
current  strong  enough  to  lift  the  plunger  and  close  the  switch. 

Reversing  Starters.  Lathes  and  other  machine  tools  must  often 
run  backwards  as 
well  as  forwards. 
Fig.  29  shows  a  start- 
ing apparatus  de- 
signed to  meet  this 
condition.  It  is  in 
effect  a  pair  of  start- 
ing rheostats,  de- 
signed to  bring  the 
motor  to  full  speed  in 
either  direction. 
When  the  handle  is 
in  the  middle  posi- 
tion, the  motor  is  cut 
out  of  circuit;  and 
moving  the  handle  to 
one  side  or  the  other 
starts  the  motor  for- 
ward or  backward 
correspondingly. 

SPEED  CONTROL  OF  SHUNT  MOTORS 

Varying  E.  M.F.  at  Brushes.  A  wide  range  of  speed  is  easily 
obtained  by  simply  inserting  a  suitable  resistance  in  the  armature 
circuit,  as  indicated  by  R,  Fig.  30,  leaving  the  field  circuit  FF  un- 
changed. The  amount  of  resistance  inserted  in  order  to  obtain  the 
desired  speed  and  torque  can  be  calculated  in  several  ways. 

Example,  A  certain  110- volt  shunt  motor  takes  75  amperes  at  full  load, 
at  a  speed  of  700  revolutions  per  minute.  What  resistance  must  be  put  in 
series  with  the  armature  to  obtain  half-speed  at  two-thirds  of  the  full-load 
torque? 


Fig.  20.    Full  Reverse  Motor  Starter. 
Cutler-Hammer  Mfg.  Co.,  Milwaukee,  Wis. 
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SoliUion.     In  Equation  7  (page  17), 

E  -  IR 

kfz    ' 


8   = 


R  includes  not  only  the  armature  resistance,  but  any  other  resistance 
that  may  be  in  series  with  it.  At  full  speed  there  is  no  resistance 
in  the  armature  circuit,  except  that  of  the  armature  itself;  and  this 
is  negligible  in  problems  like  these,  so  that  in  this  case  we  may  write: 

8  =  ~r^ —  =  700=  ,— ,—  ;  whence  k  f  z  =  0.157. 
kfz  kfz 

The  torque  at  the  new  speed  will  obviously  require  two-thirds 
of  75  amperes,  or  50  amperes.     Therefore,  using  Equation  7  again. 


s  = 


E  -  IR 


kfz 


_:  =  350  =   - 


110  -50  R 


— •  ;  whence /?  =  1.1  ohms,  nearly. 

For  a  more  exact  solution,  the  arma- 
ture resistance  should  be  known;  but  the 
above  method  is  quite  accurate  enough  for 
all  ordinary  cases. 

The  above  method  of  speed  control 
has  the  advantage  of  simplicity,  cheap- 
ness, and  wide  range.  It  is  objection- 
able, however,  when  the  load  is  fluctuat- 
ing,  for  the  E.M.F.  at  the  armature  ter- 
minals, .  and  hence  the  speed,  depend 
upon  the  IR  loss  in  the  resistance;  and 
IR  of  course  varies  with  every  change  in 
\  J.  Thus,  whenever  the  load  increases, 
Zj    the  speed  will  decrease,  and  conversely; 

^fk^nce^^rm^^^hi^Lu"-     ^nd  this  is  objectionable  in  many  classes 

of  work.  A  second  objection  is  that  the 
voltage  taken  up  in  the  resistance  represents  just  so  much  power 
wasted,  the  loss  in  watts  being  simply  PR,  With  a  large  motor, 
this  loss  may  be  a  somewhat  expensive  matter;  with  a  small  one,  the 
simplicity  and  convenience  largely  offset  the. cost  of  operation. 

EXAMPLES  FOR  PRACTICE 

1.  The  full-load  current  of  a  250-volt  motor  is  20  amperes,  and 
the  speed  800  revolutions  per  minute.  What  resistance  is  required 
in  series  with  the  armature,  to  give  J-speed  with  ^-full-load  torque? 

Ans.    6.25  ohms. 
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2,  What  is  the  power  loss  in  the  resistance  added  to  the  110- 
volt  motor  discussed  above?  Ans.     2,750  watts. 

3.  What  fraction  of  the  power  supplied  to  the  220-volt  motor 
above  discussed  is  wasted  in  the  added  resistance? 

Ans.     25  per  cent. 

It  is  important  to  note  that  for  the  above  purposes  the  starting 

rheostat  must  never  be  used.     The  specific  heat  of  the  materials  of 

the  rheostat  is  utilized  to  keep  its  temperature  within  safe  limits  during 

the  brief  time  required  for  starting.     The  box  is  not  large  enough  to 


Fig,  11.    Standard  Grids. 
WestlDgbouse  Electric  &  ManufaclurlQK  Cunipany.  Pittsburg,  Pa. 

dissipate  much  heat,  and,  if  used  as  a  speed  controller,  would  burn 
out  in  a  very  short  time.  Resistances  used  to  dissipate  much  energy 
continuously,  must  have  liberally  proportioned  surfaces  and  free 
ventilation.  Small  ones  are  usually  made  of  iron  wire,  lai^r  ones 
of  iron  ribbon,  wound  on  asbestos  supports  to  expose  as  much  sur- 
face as  possible  to  the  air;  very  large  ones  are  made  of  zigzag  strips 
of  cast  iron,  called  gruh.  Fig.  31  shows  single  grids  of  various  sizes. 
As  many  elements  as  needed  are  assembled  in  iron  frames. 

Speed  Control  by  Varying  Field.  This  method  is  very  simple 
in  principle,  and  wastes  but  little  energy  in  the  controlling  resistanc-o. 
By  varying  a  resistance  in  series  with  the  field  windings  of  a  shunt 
motor,  the  field,  and  hence  the  speed,  are  controllable  to  a  certain 
extent.  The  advantage  of  this  method  of  control  is  in  its  simplicity, 
and  in  the  fact  that  since  the  field  current  is^mall,  there  is  but  littl-j 
eneigy  wasted  and  little  heat  to  dissipate  from  the  rheostat.     Further, 
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the  speed  is  adjustable  by  small  steps.  Tbe  disadvantage  of  the 
method  arises  from  the  fact  that  the  field  must  not  be  weakened  below 
the  point  of  satisfactory  commutation.  This,  with  an  ordinary 
motor,  limits  the  speed  variation  to  about  25  per  cent,  or  perhaps 
30  per  cent.     If  a  greater  range  than  this  is  required,  a  larger  and 


Slow  Hauufiu-lurliig  Co..  BlnKbaniton.  N.  Y. 

heavier  field-magnet  must  l>e  provided;  for  example,  for  a  2  to  1 
variation,  a  IS-horse-power  frame  should  be  used  for  a  lO-liorse- 
power  motor,  while  a  3  to  I  variation  requires  a  20-horse-power 
frame  for  a  10-horse-power  motor,  with  other  sizes  in  proportion. 
This,  of  course,  means  a  motor  of  large  size  in  proportion  to 
its  output.  The  torque  diminishes  with  the  weakened  field,  and 
this  is  just  compensated  by  the  increased  speed,  so  that  the 
motor  runs   with    pracdcally  constant    horse-power   output.      For 
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still  greater  speed  variations,  special  constructions  are  used,  which 
.  will  be  described  later.  Fig,  43  (page  52)  shows  an  adjustable- 
speed  motor  giving  a  3  to  1  variation  in  speed  by  variation  of  field 
rtsbtance. 

Apart  from  the  extra  size  of  the  motor,  speed  control  by  this 
system  is  very  satisfactory  where  conditions  do  not  warrant  the  instal- 
lation of  a  multiple- voltage  system. 

Control  by  Varying  Magnetic  Reluctance.  If  the  reluctance 
of  the  magnetic  circuit  is  varied,  the  field  strength  will  vary  though 


Fig.  StA.    Sectional  Views  ot  Varlable-SiHwd  Motor  SbowD  la  Fig.  S2. 

the  field  current  is  kept  constant.  Advantage  of  this  is  taken  in  the 
motor  illustrated  in  Fig,  32,  In  this  machine  the  field  core^  and 
poles  are  hollow  and  provided  with  iron  plungers,  which  can  be 
moved  toward  the  armature  or  away  from  it  by  a  hand-wheel  operating 
suitable  gearing.  The  advantage  of  this  construction  is  that,  when 
the  plungers  are  withdrawn,  the  magnetic  Sux  is  obliged  to  enter  the 
armature  through  the  edges  of  the  pole-pieces;  and  hence,  even  with 
the  weakest  total  field,  the  actual  distribution  is  always  such  as  to 
give  proper  commutation.  Moreover,  the  armature  reaction  is  re- 
duced with  weak  fields,  because  iron  is  removed  from  the  path  of  the 
cross-flux,  and  this  also  assists  commutation.  A  3  to  1  speed  variation 
is  obtained. 
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Control  by  Varying  Line  E.M.F.  This  will  be  discussed  later, 
under  the  heading  Mvlti-  Voltage  Systems. 

Combination  Methods.  It  is  evident  that  the  preceding  methods 
of  speed  control  are  largely  independent  of  one  another,  and .  may 
therefore  be  used  in  combination,  giving  a  wide  range  of  speed ;  and 
several  combinations  are  discussed  in  the  following  pages.  They  are 
applicable  to  shunt  and  series  motors  alike.  When  a  number  of 
running  speeds  forward  and  backward  are  required,  as  in  hoisting 
machinery  and  machine  tools,  and  the  stops  and  starts  are  frequent, 
as  in  elevator  service,  the  controlling  apparatus  must  be  of  the  most 
substantial  construction,  and  is  often  very  elaborate. 

SERIES  MOTORS 

As  with  series  dynamos,  the  armature  and  field  windings  of  these 
machines  are  in  series,  and  the  same  current  therefore  passes  through 
both.  They  are  always  used  upon  electric  railways,  and  in  general 
for  operating  hoisting  and  mill  machinery,  where  a  strong  starting 
torque  is  required  without  the  necessity  of  constant  speed.  Like 
shunt  motors,  they  are  practically  always  operated  on  constant- 
potential  circuits. 

Direction  of  Rotation.  In  considering  the  direction  of  rotation 
of  a  shunt  dynamo  used  as  a  motor  (page  23),  it  was  noted  that  the 
field  and  the  direction  of  rotation  remain  unchanged  when  the  arma- 
ture current  reverses  its  direction,  and  the  dynamo  becomes  a  motor; 
but  in  the  case  of  a  series  dynamo  used  under  like  conditions,  the 
reversal  of  the  current  reverses  the  field  as  well,  and  hence  the  arma- 
ture tends  to  rotate  in  the  opposite  direction.  If,  therefore,  a  series 
dynamo  were  feeding  a  constant-potential  circuit,  and  its  E.M.F. 
fell  below  that  of  the  line  for  any  reason,  its  rotation  would  be  re- 
versed and  the  machine  would  be  injured. 

A  series  motor  will  run  in  the  same  direction,  no  matter  which 
direction  the  current  takes  through  it;  for  reversing  the  armature 
current  reverses  the  field  as  well,  and  hence  leaves  the  rotation  un- 
changed. To  reverse  the  rotation,  it  is  necessary  to  reverse  the  rela- 
tion of  the  armature  and  field  currents,  and  this  is  usually  done  by 
interchanging  the  armature  terminals. 

Speed  and  Torque  Curves.  When  a  series  motor  running  at  a 
given  speed  on  constant-potential  mains  has  an  additional  load  put 
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upon  it,  the  armature  slows  down,  the  counter-E.M.F.  decreases, 
and  more  current  flows  from  the  line.     But  since  this  current  passes 
through  the  field-coils,  the  field  strength  will  increase,  and  this  will 
further  reduce  the  speed,  while  the  torque  will  increase  enough  to 
take  care  of  the  increased  load.     Throwing  off  the  load  will  allow 
the  armature  to  speed  up,  and  this  will  increase  the  counter-E.M.F., 
reducing  the  current,  which  in  turn  reduces  the  field  strength  and 
still  further  increases   the    speed,   until   the  power  delivered   and 
the  losses  together 
equal    the   power 
taken    from     the 
line.     Hence    the 
series  motor    has 
a  different  speed 
for  every  load.  If 
the  strength  of  the 
field  were  propor- 
tional to  the  cur- 
rent,   the     speed 
curve  would  be  a 
straight  line;   but 
as  the  current  in- 
creases, the  mag- 
nets   are    more 
nearly    saturated, 
and  the  speed  de- 
creases less  rapidly  toward  full  load.     The  speed  curve  takes,  in  gen- 
eral, the  form  shown  in  Fig.  33,  which  is  from  a  50-horse-power  rail- 
way motor.     By  having  so  many  turns  of  wire  on  the  field-magnets 
that  they  are  well  saturated  with  only  a  part  of  the  full-load  current, 
the  speed  variations  in  the  neighborhood  of  full  load  are  much  reduced. 
A  valuable  property  of  the  series  motor  is  the  increase  of  torque 
in  a  greater  ratio  than  the  increase  of  current,  due  to  the  strengthening 
of  the  field  at  the  same  time.     This  is  shown  by  the  curve  marked 
''Tractive  Effort"  in  Fig.  33;  for  a  shunt  motor,  this  curve  would  be 
a  straight  line.     Hence  the  torque  of  the  series  motor  is  large  when 
starting  under  load,  and  this  makes  it  especially  valuable  for  railway 
and  other  service  where  the  starting  duty  is  severe. 
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Fig.  38.    Speed,  Torque,  and  Efficiency  Curves  of  a 

Railway  Motor. 
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When  the  load  is  removed  entirely  from  a  series  motor,  the 
diminution  of  the  current,  and  consequent  weakening  of  the  field, 
are  likely  to  cause  excessive  and  often  dangerous  speeds,  so  that  it  is 
necessary  to  provide  some  safety  device  for  cutting  off  the  current  at 
high  speeds,  unless  the  conditions  are  such  that  the  motor  cannot  be 
wholly  freed  from  its  load,  as  in  the  case  of  street-cars.  Very  small 
motors,  such  as  fan  motors,  are  series-wound;  but  their  normal  run- 
ning current  is  so  small  that  they  can- 
not take  enough  power  from  the  line  to 
injure  themselves, even  when  running  free. 
Starting  Rheostat.  The  same  general 
principles  apply  to  starting  both  shunt 
and  series  motors;  but  since  there  is  only 
one  circuit  in  the  series  motor,  the  wiring 
is  simpler.  The  connections  are  as  in 
Fig.  34,  in  which,  however,  the  switch 
and  fuses  are  not  shown.  The  resistance 
of  the  field  windings  is  always  in  circuit; 
and  this,  together  with  its  highly  induc- 
tive character,  helps  to  cut  down  the  rush 

.    .      of  current  at  starting.    The  little  magnet 

j \     E  of  the  automatic  release  (Fig.  22)  is 

^  ^    connected  through  a  resistance  across  the 

Fig.  84.    Wiring  Connections  of  a       i.         •      i 

a  Series  Motor.  motor  terminals. 


SPEED  CONTROL  OF  SERIES  MOTORS 

Varying  the  E.  M.F.  at  Armature  Terminals.  As  in  the  case  of 
shunt  motors,  all  three  methods  of  speed  control  are  practicable,  and 
may  be  used  separately  or  in  combination.  With  a  single  motor, 
varying  the  E.M.F.  at  the  armature  is  most  easily  accomplished  by 
a  resistance  in  series  with  the  motor.  The  connections  are  as  in 
Fig.  34,  where  R  may  represent  either  a  starting  rheostat  or  a  speed- 
controlling  resistance,  though  of  course  neither  piece  of  apparatus 
can  be  used  for  the  purposes  of  the  other  unless  specially  constructed. 
Controlling  the  speed  by  varying  the  strength  of  the  field  is  accom- 
plished either  by  shunting  the  field  windings  so  that  part  of  the 
current  is  diverted  through  the  shunt,  or,  in  some  cases,  by  short- 
circuiting  a  part  of   the   field  winding,  thus   reducing  the  effective 
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number  of  turns  in  the  coils.  Motors  have  also  been  used  in  which 
the  field-coils  were  connected  in  various  series-parallel  combina- 
tions. 

Railway  Motors.  Hie  most  important  application  of  the  series 
motor  is  on  the  electric  railway,  the  equipment  being  generally  two 
motors  per  car.  The  starting  rheostat  is  specially  designed  to  sen-e 
as  8  speed-regulating  resistance  as  well,  and  the  various  armature 
and  field  combinations  are  made  by  a  controller,  built  like  an  elabor- 


ated form  of  that  shown  at  b  in  Fig.  27.  At  starting,  the  controllt-r 
connects  both  motors  and  a  resistance  in  series,  and  the  resistance  is 
gradually  cut  out,  leaving  the  motors  in  series  across  the  line,  each 
receiving  one-half  of  the  line  voltage  and  hence  running  at  half-speed. 
The  next  position  of  the  controller  handle  shunts  the  field  or  short- 
circuits  a  part  of  the  field  winding,  giving  an  increase  in  speed. 
Further  movement  of  the  handle  removes  the  shimt,  and  connects  the 
motors  in  parallel,  but  with  a  resistance  in  series  with  the  pair.  This 
is  again  gradually  cut  out  until  each  motor  receives  the  full  line  vol- 
tage across  its  terminals.  Finally,  the  fields  are  again  shunted,  and 
the  car  runs  at  its  highest  speed. 

There  are  slight  variations  from  this  program,  depending  some- 
what on  the  service  the  motors  are  called  upon  to  perform.     But 
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these  details  of  the  subject  of  railway  working  are  given  special  dis- 
cussion in  a  separate  paper. 

Automobile  Motors.  These  are  series-wound,  usually  for  opera- 
tion at  40  to  80  volts,  requiring  20  to  40  cells  of  battery  respectively. 
A  ball-bearing  vehicle  motor  is  shown  in  Fig.  35.  The  requirements 
for  such  motors  are  slow  speed,  light  weight,  high  torque,  complete 
mechanical  protection,  liberal  overload  capacity,  and  as  good  an 
efficiency  as  can  be  secured  consistently  wkh  the  above  requirements. 
When  two  motors  are  used  on  the  same  vehicle,  the  controller  may 
first  connect  the  motors  in  series,  and  the  halves  of  the  battery  in 
parallel,  other  changes  following  until  the  motors  are  in  parallel 
across  the  full  battery  voltage,  with  weakened  fields.  No  rheostat 
is  necessary,  as  the  voltages  are  low,  and  the  total  power  delivered 
usually  small. 

COMPOUND  MOTORS 

A  reversed  compound  dynamo  becomes  a  differential  motor. 
Fig.  36  represents  a  compound   dynamo  D  supplying  current  to  a 

similar  machine 
M  used  as  a  mo- 
tor. It  is  clear 
that  the  current 
through  the  series 
coil  of  the  motor 
is  reversed;  and 
therefore  opposes 
the  magnetizing 
effect  of  the  shunt  current,  so  that  the  field  is  weaker  than  if 
the  shunt  were  used  alone.  Furthermore,  the  motor  field  is  pro- 
gressively weakened  as  the  armature  current  increases,  and  this 
tends  to  increase  the  speed;  while  the  speed  of  a  plain  shunt  motor 
under  like  conditions  would  decrease.  Hence,  by  suitably  designing 
the  series  winding,  it  is  possible  to  obtain  a  motor  whose  speed  through- 
out its  whole  range  of  load  varies  very  little.  This  advantage  was 
early  recognized;  but  at  the  time  the  speed  of  ordinary  shunt  motors 
was  sufficiently  constant  for  most  purposes,  and  the  differential  corro- 
pound  motor  made  little  headway.  For  some  purposes,  however, 
particularly  in  the  operation  of  textile  machinery,  it  is  very  necessary 
to  have  the  speed  as  uniform  as  it  can  be  made;  and  the  differential 


Fig.  86.    Compound  Dynamo  Driving  Compound  Motor. 
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motor,  after  a  period  of  comparative  retirement,  has  now  a  wide  field 
of  usefulness. 

If  the  current  through  the  field  is  reversed,  so  that  it  assists  the 
shunt  winding  instead  of  opposing  it,  the  machine  is  called  a  cumula- 
tive compound  motor,  and  partaltes  to  a  certain  extent  of  the  properties 
of  both  the  shunt  and  series  tj-pes,  the  shunt  predominating.  ITiese  ma- 
chines are  used  for  elevator  and  other  service  where  a  powerful  starting 
torqueisrequired,  together  with  the  general  characteristics  of  the  shunt 
motor.  Sometimes  the  series  field  is  cut  out  after  the  armature  attains 
full  speed,  in  which  case  the  strong  starting  torque  of  the  series  motor 
is  combined  with  the  constant-speed  property  of  the  shunt  motor. 

A  compound  dynamo  with  a  very  strong  series  field  will  not  usually 
run  safely  as  a  differential  motor,  for  an  overload  might  reduce  the  field 
so  much  that  with  theweakened  torque  the  armature  migh  tslopenlirely ' 

Variable-Speed  Compound  Motors.  The  success  attending  the 
the  use  of  the  commviating  ■pole 
in  generators,  has  led  to  the  adop- 
tion of  the  same  principle  for 
motors  designed  for  wide  ranges 
of  speed.  The  commutating  pole 
is  a  small  additional  pole,  placed 
midway  between  adjacent  field- 
poles,  and  wound  with  a  few  turns 
of  the  series  winding.  Its  func- 
tion is  to  provide  the  necessary 
commutating   field   for   the   coil 

under  the  brushes,  independently  pig.  b7.  mteiTjoie  Motor. 

.     ,        -  1  ,      .    .1  ■  1  Eloccro-Dynainlc  Compiny,  nayonne,  N.  J, 

of  the  field  of  the  mam  poles'. 

Thus  satisfactory  commutation  not  only  can  be  obtained  with 
the  brushes  in  a  fixed  position,  but  practically  is  Cijually  good  at 
all  loads,  since  the  strength  of  the  pole,  and  hence  of  the  commutating 
field,  is  proportional  to  the  armature  current,  and  this  is  exactly  what 
is  wanted  for  good  commutation.  Applied  to  motors — since  com- 
mutation b  practically  independent  of  the  main  field — the  use  of  the 
commutating  pole  allows  the  main  field  to  be  weakened  much  more 
than  with  the  ordinary  construction,  and  hence  a  much  wider  range 
of  speeds  is  obtainable  without  sparking.  Fig.  37  shows  a  motor 
of  this  type  giving  a  speed  range  of  4  to  1 ,  entirely  by  field  control. 
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Fig.  38.    H.  Ward  Leonard  Multl- Voltage 
System,  1802. 


MULTI-VOLTAGE  SYSTEMS 

When  a  generator  is  to  supply  only  one  motor,  the  line  E.M.F. 
can  be  varied  at  pleasure  by  varying  the  generator  E.M.F. ,  having 
the  generator  field  rheostat  at  the  motor.    This  method  gives  any 

desired  motor  speed  within  a  very 
wide  range,  but  is  obviously  lim- 
ited to  a  few  special  cases.  The 
so-called  teaser  systems  are  in 
effect  modifications  of  this  prin- 
ciple; the  E.M.F.  of  small  motor- 
driven  generators  Is  added  to  that 
of  the  m£^in  line  or  subtracted 
from  it.  This  particular  modifi- 
cation of  the  variable  line-voltage 
principle  is  useful  for  operating 
large  printing  presses  or  other 
machinery  which  must  run  very  slowly  at  times  under  absolute  con- 
trol, as  well  as  at  various  operating  speeds. 

The  electric  automobile  affords  an  example  of  speed-control 
by  varying  line  voltage.  The  batteries  of  the  vehicle  are  in  two  sets, 
which  are  connected  in  parallel  at  starting,  and  then  shifted  to  series 
connection  at  the  higher  speeds. 
The  familiar  Edison  three- 
wire  system  affords  another  illus- 
tration. In  this  case  the  fields  of 
a  220-volt  motor  would  be  sup- 
plied from  the  outside  wires,  and 
the  armature  at  either  110  or  220 
volts,  giving  two  speeds  without 
the  use  of  resistances. 

By  making  the  two  sides  of 
tlie  system  unequal  in  voltage,  three  voltages  are  obtained.  In  such 
a  case,  tlie  lighting  system  of  the  shop,  the  cranes,  and  constant- 
speed  motors  are  operated  on  the  outside  wires.  A  system  of  this 
kind  was  first  brought  out  by  Mr.  H.  Ward  Leonard  in  1892,  using 
three  generators  in  series  and  a  four-wire  system,  obtaining  the  six 
voltages  shown  in  Fig.  38. 

The  Bullock  Electric  Company  employs  a  three-wire  system 


^so 


Fig.  89.    Connections  of  Balancer  Set. 
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with  90  and  160  volts,  and  a  four-wire  system  with  CO,  SO,  and  110 
volts,  with  outside  voltages  of  250  in  both  cases.  The  Crocker- 
Wheeler  Company  use  a  four-wire  system  with  40,  120,  and  80  volts, 
giving  240  volts  on  the  outside  wires.  Whatever  voltages  may  be 
used,  it  is  well  to  have  at  least  one  of  the  voltages  standard — that  is, 
1 10  to  125  volts,  or  220  to  250  volts,  because  these  are  standard  vol- 
tages for  lamps  and  motors. 

In  practice  it  is  found  that  the  intermediate  wires  carry  only  a 
small  proportion  of  the  total  load,  usually  not  over  10  per  cent.  This 
has  led  to  the  use  of  a  single  large  generator  and  balances,  which  are 


simply  smaller  shunt  or  compound  dynamos  with  their  armatures 
coupled  together  and  electrically  connected  in  series  across  the  out- 
side wires.  The  general  arrangement  is  shown  in  Fig.  39,  and  Fig. 
40  illustrates  a  Bullock  three-wire  balancer  set. 

The  action  of  the  balancer  is  complex,  and  a  full  explanation 
is  not  desirable  here.  In  general  terms,  however,  it  may  be  stated 
that  when  there  is  no  current  in  the  middle  wire  of  a  three-wire 
system  the  current  through  the  balancer  armatures  is  only  enough 
to  supply  the  runnl.ig  losses;  but  when  current  is  drawn  from  either 
side  of  the  system,  the  balancer  on  the  other  side  will  act  as  a  motor, 
driving  its  companion  as  a  generator  to  help  furnish  the  required 
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Fig.  41.    Current  through  Balancer  Set. 


power.  This  is  illustrated  in  Fig.  41,  where  one  outer  wire  carries 
100  amperes,  the  middle  wire  20  amperes,  and  the  other  outer  wire 
80  amperes.  If  the  balancers  are  equal,  and  there  are  no  losses,  the 
20  amperes  divide  equally  between  the  armatures,  10  amperes  flow- 
ing downward  through  one  as  a  motor  to  the  negative  main,  the  arma- 
ture then  acting  as  a  motor  driving  the  other  machine  as  a  generator 
and  helping  it  to  force  the  remaining  10  amperes  up  into  the  positive 
main  again.     Supposing  the  voltage  of  the  main  generator  to  be 

200  volts,  its  output  would  be  90 
amperes  at  200  volts,  or  18,000 
watts.  The  load  on  the  line  is 
80  amperes  at  200  volts,  and  20 
amperes  at  100*  volts  '=»  18,000 
watts,  as  before. 

Of  course  there  are  always' 
losses  in  the  balancer  armatures, 
so  that  in  the  arrangement  shown 
the  current  through  the  arma- 
ture acting  as  a  motor  is  always 
greater  than  the  current  through  the  armature  acting  as  a  dynamo. 

EXAMPLE  FOR  PRACTICE 

If  13  amperes,  instead  of  10,  flow  through  the  balancer  motor 
armature  in  the  above  example,  what  is  the  output  of  the  main  gen- 
erator, and  what  power  is  delivered  to  the  line? 

Ans.     18,600  watts  from  the  generator. 
18,000  watts  on  the  line. 

This  would  represent  600  watts  loss  in  the  balancers,  which  is,  however, 
much  less  than  would  be  required  to  operate  the  second  generator  of  an  ordi- 
nary three- wire  system. 

The  size  of  the  balancers  is  determined  by  the  maximum  un- 
balanced load.  On  a  three-wire  system  it  should  be  large  enough 
to  operate  the  largest  individual  motor  running  alone  on  either  vol- 
tage. For  example,  suppose  we  have  a  three-wire,  125-  to  250- volt 
system.  If  a  motor  connected  to  it  can  develop  50  horse-power  at  the 
full  voltage  250,  it  can  develop  25  horse-power  when  operated  on 
one  side  at  125  volts.  This  will  require  two  balancers  of  12^  horse- 
power each,  since  there  are  two  machines  to  take  care  of  the  unbal- 
anced current.     In  other  words,  the  balancers  should  have  25  per 
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cent  of  the  capacity  of  the  largest  motor,  rated  at  its  highest  voltage; 
and  this,  of  course,  means  that  the  balancers  may  be  relatively  small 
machines. 

Motors  operated  on  this  system  have  their  fields  excited  from  some 
one  of  the  circuits,  usually  the  one  of  highest  voltage.     The  arma- 


tures are  connected  to  either  line  voltage  as  desired,  and  resistances 
are  introduced  to  prevent  too  sudden  changes  of  current  at  the  transi- 
tion points;  additional  speed  variations  are  provided  by  weakening 
the  motor  fields.  All  these  connections  are  made  upon  controllers 
of  the  cylindrical  type,  ot  which  Fig.  42  b  a  good  example.  It  rep- 
resents 20-horse-power  and  40-horse-power  Bullock  controllers  with- 
out their  covers;  the  larger  size  gives  12  running  speeds  forward,  and 
9  reverse. 
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MECHANICAL  POINTS  OF  MOTOR  DESIGN 

Motors  need  ample  protection  (or  the  commutator  and  brush 
gear.  This  protection  is  well  shown  in  the  adjustable-speed  motor 
illustrated  in  Fig.  43.  This  type  of  motor  is  also  designed  to  run 
with  the  shaft  vertical,  in  which  case  the  lower  bearing  runs  sub- 
merged in  oil,  and  the  upper  bearing  is  made  of  anti-friction  metal, 
running  without  attention.  Motor  end-frames  or  betls  should  be 
made  so  that  they  can  be  turned  through  90"  or  180°,  to  enable  the 

machine  to 
work  with  the 
oil  weils  in  the 
proper  posi- 
tion when 
mounted  on  a 
wall  orceiling. 
If  the  motor 
must  work  in 
a  very  dusty 
or  dirty  place, 
the  ends  may 
be  protected 
with  wire 
gauze  covers, 
or  even  tightly 
enclosed  with 
solid  plates. 
In  such  cases, 

however,  the  machine  has  much  more  difficulty  in  dissipating  heat; 
and  for  the  same  rise  of  temperature,  the  rating  of  an  enclosed  (and 
therefore  unventilated)  motor  is  not  usually  more  than  about  half  as 
much  as  if  it  were  well  ventilated.  Fig,  44  shows  one  form  of  an 
enclosed  motor.  Sometimes  the  frames  of  enclosed  motors  are 
cast  with  projecting  external  ribs,  to  increase  the  cooling  surface. 

To  obtain  very  low  speeds  without  using  a  motor  of  dispro- 
portionately large  size  for  its  output,  back-gearing  is  often  used. 
Figs  45  and  46  give  two  views  of  a  back-geared  motor.  To  diminish 
wear  and  noise,  such  geai-s  are  often  enclosed  in  cases  and  run  in 
grease,  like  the  gears  of  a  railway  motor. 
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Motors  of  large  output— which,  as  a  rule,  are  installed  in  more 
favorable  surroundings  and  receive  more  careful  handling  than  small 
motors  driving  individual 
machines — do  not  need 
special  mechanical  design. 
They  are  therefore  built 
along  the  line  of  generators; 
and  to  a  great  extent  the 
same  parts  are  used  for  both. 

ELECTRICAL  POINTS  OF 
MOTOR  DESIGN 

Since  the  motor  is  elee-  „ 

.      „        ,,        ,      ,         .,        ,  P1k-«-    Encloned  Type  R  Motor. 

tncallV    identical     with     the      WeatlnghouBBBlwtrlciManutaclurlug company, 
•  _        _  Plltsburg.  Pa. 

dynamo,    it    is     necessary 

merely  to  design  a  dynamo  which  will  deliver  the  rated  current  at 

the  given  speed  and  the  counter-E.M.F.  of  the  motor.    A  single  illus- 


Fig. «.  Pig,  4a. 

Two  Views  ot  Type  R  Motor  with  Back-Gears. 
WeMngbouse  Elecuic  &  HuiafacturliiK  Companr,  Plttsbuig,  Pa. 

tration  will  suffice.  Suppose  it  is  desired  to  design  a  230-volt  motor 
to  deliver  10  horse-power  at  a  speed  of  825  revolutions  per  minute. 
The  efficiency  of  such  a  machine  should  be  about  85  per  cent;  ao 
that  the  current  required  would  be: 
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7  460 
-  '    -    watts  -^  230  volte  =  38.1  amperes. 

To  allow  for  any  error  in  estimating  the  assumed  efficiency,  let  lis 
say,  in  round  numbers,  that  a  current  of  40  amperes  would  be  re- 
quired. The  resistance  of  the  armature  of  a  machine  of  this  size  and 
voltage  will  be  about  0.3  ohm.  Then,  from  the  fundamental  motor 
equation,  the  counter-E.M.F.  can  be  calculated: 

7  _  E-T  *  -  4n  -  230  -e 
'  ""      R  ^  ~  "  0.3       ' 

whence, 

e  =  218  volts. 

That  is,  a  dynamo  should  be  designed  whose  output  at  825  revolutions 
per  minute  will  be  40  amperes  at  218  volts,  and  whose  armature  re- 
sistance is  0.3  ohm.  Its  field  windings  should  be  calculated  for 
excitation  at  230  volts. 

For  supplementary  reading  on  the  subject  of  the  Electric  Motor,  the 
reader  is  referred  to  the  following  works:  Dynamo- Electric  Machinery ,  by  F.  B. 
Crocker,  and  Electric  Railways,  by  J.  R.  Cravath  (  published  by  the  American 
School  of  Correspondence,  Chicago,  III.);  Electric  Motors,  by  Henry  M.  Hobart 
(published  by  Whittaker  &  Co.,  London  and  New  York,  1904);  and  a  series 
of  articles  entitled  "Direct-Current  Motors:  Their  Action  and  Control,"  by 
F.  B.  Crocker  and  M.  Arendt,  published  in  the  Electrical  World  in  1907  and 
1908. 
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MANAGEMENT  OF  DYNAMO 
ELECTRIC  MACHINERY, 


The  object  of  this  instruction  paper  is  to  set  forth  the  most 
important  features  which  must  be  considered  in  the  actual  handling 
and  operation  of  electric  generators  and  motors.  The  principles 
and  general  construction  of  direct-current  (D.  C.)  and  alternating- 
current  (A.  C.)  generators  and  motors,  are  treated  elsewhere. 

The  subject  may  be  divided  into  three  parts  as  follows: 

A.  The  Selection,  Erection,  Connection,  and  Operation. 

B.  The  Inspection  and  Testing. 

0.    The  Troubles  or  ''Diseases"  and  Remedies. 

SELECTION  OF  A  MACHINE. 

The  voltage,  capacity,  and  type  of  machine  are  dependent  upon 
the  system  to  which  it  is  to  be  connected,  and  the  purpose  for 
which  it  is  to  be  utilized,  but  there  are  certain  general  features 
which  should  be  considered  in  every  case. 

Construction.  This  should  be  of  the  most  solid  character  and 
guaranteed  first-class  in  every  respect,  including  materials  and 
workmanship. 

Finish.  A  good  finish  is  desirable,  since  it  is  likely  to  cause 
the  attendant  to  take  greater  care  of  the  equipment. 

Simplicity.  The  machine  should  be  as  simple  as  possible  in 
all  its  parts;  peculiar  or  complicated  features  should  be  avoided^ 
unless  absolutely  essential  for  the  operation  of  the  system. 

Attention.  The  amount  of  attention  required  by  the  machine 
should  be  small.  The  number  of  screws  or  nuts  should  be  reduced 
to  a  minimum,  and  they  ought  always  to  be  provided  with  some 
locking  device  to  prevent  them  from  becoming  loose.  The  brushes 
should  be  capable  of  being  easily  adjusted  and  self-feeding,  so  that 
they  may  "  follow  "  or  make  up  for  any  trifling  eccentricity  of  the 
commutator.  The  bearings  should  be  self -oiling,  and  in  the  smaller 
sizes  self -aligning. 

Handling.  An  eye-bolt  or  other  means  by  which  the  machine 
can  be  easily  lifted  and  moved  is  desirable.  It  ought  to  be  possible 
to  take  out  the  armature  conveniently  by  removing  one  of  the 
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bearings,  or  the  tops  of  the  field  magnet,  frame  and  bearings,  or  by 
moving  the  halves  sideways  if  the  frame  is  split  vertically.  The 
armature  and  field  windings  should  be  so  designed  and  mounted 
that  their  removal  for  repairs  is  an  easy  matter. 

Interchans^eability.  The  machine  selected  should  preferably 
be  one  of  a  regular  and  standard  type,  so  that  extra  parts  can  be 
obtained  without  needless  delay. 

Resrulation.  Some  form  of  regulating  device  should  be  pro- 
vided by  means  of  which  the  E.  M.  F.  or  current  of  a  generator, 
or  the  speed,  and  in  some  cases  the  direction  of  rotation  of  a 
motor,  can  be  readily  and  accurately  controlled. 

Form.  The  machine  should  be  symmetrical,  well-propor- 
tioned,  compact  and  solid  in  form.  The  large  and  heavy  portions 
should  be  placed  as  low  as  possible,  to  give  greater  stability. 

Weight.  It  is  a  mistake  to  select  a  very  light  machine  when 
it  1b  for  stationary  use,  since  w^eight  increases  ita  strength,  sta- 
bility, and  durability. 

Capacity.  This  should  be  ample  for  the  work  to  be  done;  it» 
fact  it  is  advisable  to  allow  a  margin  for  increase.  The  machine 
should  be  provided  with  the  maker's  name-plate,  specifying  the 
rated  current,  voltage,  speed  and  capacity.  The  manufacturer 
should  also  guarantee  the  following:  That  the  machine  does  not 
heat  up  in  any  part  of  its  windings,  to  more  than  50°  C,  after  a 
run  of  six  hours'  duration,  under  rated  load  conditions;*  also  that 
it  is  able  to  carry  a  25  per  cent  overload  for  two  hours,  and  mo- 
mentary overloads  of  50  per  cent,  without  excessive  heating  or 
sparking. 

Cost.  It  is  usually  an  error  to  select  a  generator  or  motor 
simply  because  it  is  cheap,  since  both  the  materials  and  workman- 
ship required  for  the  construction  of  a  high-grade  electrical  ma- 
chine are  costly. 

MECHANICAL  CONDITIONS. 

Location.  Ihe  place  chosen  for  the  machine  should  be  dry^ 
free  from  dunt  or  grlt^  lif/ht^  and  well  ventilated.  It  must  also 
be  arranged  so  that  there  is  room  enough  for  the  removal  of  the 
armature  without  shifting  or  turning  the  machine. 

Foundations.     It  is  of  great  importance  to  have  the  machine 

*NoTB.    By  resistance  measurements. 


130 


MANAGEMENT  OF   DYNAMO-ELECTEIC  MACHINEET      5 

finiily  placed  opon  a  good  and  solid  foundation;  otherwise,  no 
matter  bow  well  conBtrneted  and  managed,  the  vibrations  occurring 
on  a  poor  fonndation  will  produce 
eparlcing  at  the  brushes,  and  itB 
accompanying  troublea. 

It  is  also  necesBary,  if  the  ma. 
chine  is  belt-driven,  to  mount  it 
npon  rails  or  a  sliding  bed-plate 
provided  with  holding-down  bolts 
and  tightening  screws  for  aligning 
and  adjuBting  the  belt  ^thile  the 
machine  is  in  operation.  (See  Fig, 
1).  The  machinery  fonndations 
consist  of  a  m&Es  of  stone,  masonry, 
brickwork,  or  concrete,  upon  which 
the  machinery  is  placed  and  usually 
held  firmly  in  place  by  bolts  pass-  *' 

ing  entirely  through  the  mass.  These  bolts  are  built  into  the 
foundations,  the  proper  position  for  them  being  determined 
by  a  wooden  template  suspended  above  the  foundation,  as 
shown  in  Fig,  2.     The  bolts  are  preferably  surrounded  by  iron 


Fig.  2. 
pi[K»  that  fixes  them  longitudinally  but  allows  a  little  side  play 
which  may  be  necessary  to  enable  them  io  enter  the  i>ed-piate 
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holes  readily.  The  brickwork  for  machinery  foundations  should 
consist  of  hard  burned  bricks  of  first  quality,  laid  in  good  cement 
mortar.  Ordinary  lime  mortar  is  entirely  unfit  for  the  purpose, 
being  likely  to  crumble  away  under  the  effect  of  the  vibrations 
caused  by  the  machinery.  Brick  or  concrete  foundations  should  be 
finished  with  a  cap  of  bluestone  or  cement.  This  tends  to  hold  the 
foundation  together,  and  forms  a  level  surface  upon  which  to  set 
the  machinery.  If  the  engine  and  generator  are  provided  with  a 
cast-iron  sub-base,  the  capping  may  be  dispensed  with 

Fixing  tlie  Machine.  In  fixing  either  direct-connected  or 
belt-driven  machines,  first  determine,  with  a  long  straight  edge 
and  spirit  level,  if  the  top  of  the  foundation  is  level  and  true.  If 
this  is  found  to  be  the  case,  the  holding-down  bolts  may  be 
dropped  into  the  holes  in  the  foundation,  if  they  are  not  already 
built  in,  and  the  machine  carefully  placed  thereon,  the  ends  of  the 
bolts  being  passed  through  the  holes  in  the  bed-plate  and  secured 
by  a  few  turns  of  the  nuts.  The  machine  should  then,  if  belt- 
connected,  be  carefully  aligned  with  the  transmitting  pulley  or  fly 
wheel.  Particular  attention  should  be  paid  to  the  alignment  of 
the  pulleys  in  order  that  the  belt  may  run  properly.  If  direct- 
connected,  the  dynamo  bed-plate  and  armature  shaft  must  be  care- 
fully aligned  and  adjusted  with  respect  to  the  engine  shaft,  raising 
or  lowering  the  bed-plates  of  the  corresponding  machines  by  means 
of  thin  cast-iron  or  other  wedges;  and  the  generator  frame  should 
also  be  adjusted  to  its  proper  height  by  means  of  thin  strips  of 
metal  or  fiber  set  between  its  supporting  feet  and  the  bed-plate. 
Having  thus  aligned  and  leveled  the  machine,  it  should  next  be 
grouted  with  thin  cement.  This  is  done  by  arranging  a  wall  of 
mud  or  wooden  battens  around  the  bed-plates  of  the  machines, 
and  running  in  thin  cement  until  the  holding-down  bolt  holes  are 
filled,  and  the  cement  has  risen  to  the  level  of  the  under  side  of  the 
bed-plate.  When  the  cement  has  set,  the  wall  may  be  removed 
and  the  nuts  on  the  holding-down  bolts  drawn  up.  This  firmly 
fixes  the  machine  upon  its  foundation. 

Mechanical  Connections.  Various  means  are  employed  to 
connect  the  engine  or  other  prime  mover  with  the  generator,  or 
the  motor  with  the  apparatus  to  be  driven.  The  most  important 
are  as  follows: 
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Direct  Connection. 
Belting. 
Bope  Driving. 
Toothed  Gearing. 

Other  apparatus,  such  aa  Bhafting,  clutches,  hangers  and  pul< 
JejB,  are  used  in  connection  with  the  above  means. 

Direct  Connection.  This  is  the  simplest,  and  for  that  reason 
(he  most  desirable,  meaus  of  connection,  provided  it  can  be  carried 
oat  without  involving  sacrifices  that  offset  its  advantages.    This 


Fig.S. 
method,  also  called  direct  coupling  or  direct  driving,  compels  the 
engine  and  generator  to  nin  at  the  same  speed,  whieh  gives  rise  ij 
some  difficulty,  as  the  most  desirable  speeds  of  the  two  machines 
do  not  usually  agree.  The  natural  speed  of  a  generator  is  high, 
while  that  of  an  engine  is  low;  hence  to  obtain  the  same  voltage 
from  a  direct-eonnected  generator,  more  inductors  are  necessary, 
or  the  flux  cut  must  be  increased.  Accordingly,  the  artnature  and 
frame  of  the  direct-connected  generator  must  bo  larger,  thus  mak- 
ing it  a  more  expensive  inacbine  tiiari  the  belt-driven. 

The  direct  connecrtion  of  an  engine  and  generator  is  icco» 
plished  in  several  ways;  the  simplest  of  which  consists  in  mount- 
ing the  armature  of  the  generator  directly  on  one  end  of  the  shaft 
of  the  engine.     This  may  be  accomplished  in  any  one  of  several 
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ways.  Fig.  3  represents  the  three-bearing  method.  Two-and- 
four-bearing  methods  are  also  used.  These  secures  the  great 
advantages:  that  accurate  alignment  is  readily  obtained,  and  space 
occupied  reduced  to  a  minimum,  and  the  mounting  of  the  bearings 
on  a  common  sub-base  avoids  trouble  due  to  unequal  settling. 

Another  form  of  direct  coupling  is  that  in  which  an  engine 
and  a  generator,  each  complete  in  itself,  and  each  having  two  bear- 
ings, are  coupled  together  by  some  mechanical  device,  which  may 
be  either  rigid  or  slightly  elastic  or  adjustable.    In  the  former  case 

the  two  shafts  are  practically 
equivalent  to  a  single  one, 
which,  while  making  it  easy  to 
remove  either  machine  for  re- 
pairs, is  somewhat  objection- 
able  owing  to  the  fact  that  it 
requires  larger  foundations, 
and  introduces  the  difficulty  of 
accurately  aligning  four  bear- 
ings. The  use  of  a  flexible 
coupling  avoids  the  necessity 
of  perfect  alignment,  and  also 
the  serious  trouble  that  might 
arise  if  the  settling  or  the  wear 
of  the  bearings  should  be  un- 
even. There  are  various  forms  of  flexible  coupling.  One  of  the 
forms  manufactured  by  the  Westinghouse  Machine  Company  is 
shown  in  Fig.  4,  the  flexibility  being  provided  by  the  springs 
which  hold  the  two  parts  of  the  coupling  together. 

TKe  direct  coiiplin-g  of  generators  with  turbines  can  be  car- 
ried out  without  departing  from  the  natural  speed  of  either  ma- 
chine, since  the  ordinary  speed  of  a  turbine  agrees  closely  with  the 
normal  speed  of  a  generator  of  the  corresponding  capacity. 

The  relative  efficiency  of  direct  coupling  and  belting  depends 
greatly  upon  the  conditions;  but  in  general  the  former  is  more  effic- 
ient at  or  near  rated  load,  and  the  latter  at  light  loads.  The  shn- 
plicityy  compactness^  and  positive  and  noiseless  action  of  dii^ect 
connect ionhsive  caused  it  to  become  the  most  approved  method. 
Beltins^.     If  the  generator  or  motor  ie  not  directly  connected, 


Fig.  4. 
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one  to  the  prime  mover  and  the  other  to  the  apparatus  to  be  driven, 
they  are  usually  connected  by  some  form  of  belting.  The  kind  of 
belting  selected  depends  greatly  upon  conditions  of  drive,  distances, 
etc.;  and  it  may  be  leather,  rawhide,  rubber,  or  rope.  For  ordin- 
ary short  drives,  leather  is  the  most  desirable,  though,  when  the 
power  to  be  transmitted  is  small,  rawhide  belts  are  also  satisfactory, 
especially  as  the  cost  is  less  than  for  leather  belts.  For  consider, 
able  distances,  rope  driving  answers  very  well  because  it  is  so  much 
lighter  and  cheaper  than  an  equivalent  leather  belt,  though  grooved 
pulleys  are  required,  making  the  total  cost  about  the  same.  Rub- 
ber belts  are  used  to  advantage  in  driving  generators  from  water 
turbines,  where  the  belt  might  be  exposed  to  moisture.  Leather 
belting  is  usually  the  most  reliable  and  satisfactory  for  general  ap- 
plication, except  for  very  short  drives,  where  a  form  of  chain  belt 
works  best.  There  are  three  thicknesses  of  leather  belting — single, 
light-double,  and  double.  For  use  in  connection  with  generators, 
motors,  or  other  high-speed  machinery,  the  "  light-double  "  belting 
is  usually  the  best. 

The  exact  amount  of  power  that  a  given  belt  is  capable  of 
transmitting  is  not  very  definite.  The  ordinary  rule  is  that  "  sin- 
gle "  belt  will  transmit  1  horse-power  for  each  inch  of  its  width 
when  traveling  at  a  speed  of  1,000  feet  per  minute.  If  the  speed 
is  greater  or  less,  the  power  is  proportionately  increased  or  de- 
creased. The  statement  of  H.  P.  transmitted  is  based  upon  the 
condition  that  the  belt  is  in  contact  with  the  transmitting  pulley 
around  one-half  of  its  circumference,  or  180°,  which  is  usually  the 
case.  If  the  arc  of  contact  is  less  than  180°,  the  power  transmitted 
is  less  in  the  following  proportion:  An  arc  of  135°  gives  84  per 
cent,  while  90°  contact  gives  only  6*  per  cent  of  the  power  de- 
rived from  aWt  contact  of  180°.  If  on  the  other  hand,  the  upper 
side  sags  downward,  which  is  always  desirable,  the  belt  is  in  con- 
tact with  more  than  half  the  circumference  of  the  pulley;  and  thus 
the  grip  is  considerably  increased  and  more  power  can  be  trans- 
mitted. These  facts  make  it  very  desirable  to  have  the  loose  side 
ofthe.lelt  on  top.  If  the  loose  side  is  below,  it  sags  away  from 
the  pulley  and  is  also  likely  to  strike  the  floor. 

The  complete  expression  for  determining  the  width  of  a  sin- 
gle belt  required  to  transmit  a  given  horse-power  is  as  follows: 
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■w  = 


S  X  0 


where  W  ia  the  width  of  the  belt  in  inches;  H.  P.  the  horse-power 
to  be  transmitted ;  S  the  speed  of  the  belt  in  feet  per  miiiiite,  which 
is  equal  to  the  circumference  of  the  driving  pulley  in  feet  multi- 
plied by  the  number  of  revolutions  per  minute;*  and  C  a  factor 
dependent  upon  the  arc  of  contact. 

"  Double "  beltinir  is  expected  to  transmit  one  and  one-half 
(1 1),  and  "  light-double  "  one  and  one-quarter  {1  ^)  times  as  much 
power  as  "  single  "  belting  of  the  sania  width.     Belting  formulas 
are  only  approximate,  and  should  not  be  applied  too  rigidly,  since 
the  grip  of  the  belt  upon  the  pulley  varies  considerably  under  dif- 
ferent conditions  of  tension,  temperature  and  moisture.  The  smooth 
side  of  a  belt  should  always  be  run  against  the  pulley,  as  it  trans- 
mits more  power  and  is  more  durable.     Belting  used  for  electric 
machinery,    being   usually 
high-speed,   should  be  made 
"endless"    for   permanent 
work,  as  this  makes  less  noise; 
but  it  may  be  used  with  laced 
joints,  temporarily.  Aspliced 
or  "endless"  joint   is  made 
~  as  follows: — Both  ends  of  the 

belt  are  pared  down  on  one 
side  (opposite)  with  a  sharp  knife,  into  the  form  of  a  long  thin 
wedge,  so  that  when  laid  together  a  long  uniform  joint  is  obtained 
of  the  mme  thiclrnens  as  the  belt  itself.  The  parts  are  then  firmly 
joined  with  cement  and  sometimes  with  rivets  also.  It  may  be 
necessary  to  splice  or  lace  a  belt  while  in  position  on  the  pulleys; 
and  for  this  purpose  some  form  of  belt  clamp  {Fig.  S)  should  be 
employed. 

If  a  belt  is  ordered  endless,  or  is  soliced  away  from  the  puHeya, 
great  care  should  be  exercised  in  determining  the  exact  length  re- 
quired. A  string  that  will  not  stretch,  or  preferably  a  wire  put 
around  the  pulleys  in  the  position  to  l>e  occupied  by  the  belt,  is  the 

•  Note.  Bells  slip  or  "creep"  on  tlie  pulley  about  2  per  cent;  hence, 
in  determining  llic  size  ot^  pulleys  whose  Hpecd  must  be  aeeurnte,  the  calculated 
belt  speed  should  be  about  2  per  cent  too  high. 
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best  way  to  avoid  a  mistake.  In  measuring  for  a  belt,  the  gener- 
ator or  motor  should  be  moved  on  its  sliding  base  so  as  to  make 
the  distance  between  shaft  centers  a  minimum,  in  order  to  allow 
for  the  stretch  of  the  belt,  which  may  be  as  much  as  J  inch  per 
foot  of  length. 

The  lacing  of  a  belt  is  a  v^ry  simple  and  common  method  of 
making  a  joint;  but  should  not  be  permanently  employed  at  high 
speeds  for  electric  machinery  belting,  as  it  is  liable  to  pound  on 
the  pulleys,  producing  noise,  vibration  and  sparking;  and  in  the 
case  of  generators  it  is  also  likely  to  cause  flickering  in  the  lamps. 
In  lacing  belts,  the  ends  should  be  cut  perfectly  square^  and  there 
slwuld  he  as  many  stitches  of  the  lace  slanting  to  the  left  as 
there  are  to  the  right/  otherwise  the  ends  of  the  belt  will  shift 


Fig.  6. 

sidewise  owing  to  the  unequal  strain,  and  the  projecting  corners 
may  strike  or  catch  in  the  clothing  of  persons.  A  good  way  to 
accomplish  this  is  shown  in  Fig.  6.  The  various  holes  shouia  be 
made  with  a  circular  punch,  the  nearest  one  being  about  ^  inch 
from  the  side,  and  the  line  through  the  center  of  the  row  of  holes 
about  1  inch  from  the  end  of  the  belt.  In  large  belts  these  dis- 
tances  should  be  a  little  greater.  A  regular  belt  lacing  of  strong 
pliable  leather  or  a  special  wire  is  used.  The  lacing  is  doubled  to 
find  its  middle;  and  the  two  ends  are  passed  through  the  two  holes 
marked  "  1 "  and  "  la,^^  precisely  as  in  lacing  a  shoe.  The  two  ends 
are  then  passed  successively  through  the  two  series  of  holes,  in  the 
order  in  which  they  are  numbered,  2,  5,  4y  etc.,  and  2«,  3«,  da, 
etc.,  finishing  at  13  and  ISa^  which  are  additional  holes  for  secur- 
ing  the  ends  of  the  lace.  The  great  advantage  of  this  method  of 
lacing  is  that  the  Lace  lies  on  the  pulley  side  perfectly  parallel  to 
the  direction  of  uioti^9 
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Perforated  ielts  are  often  employed  for  the  reason  that  a  film 
of  air  is  likely  to  be  imprisoned  between  the  belt  and  the  pulley, 
thus  preventing  a  good  grip.  Hence  small  perforations  are  some- 
times made  in  the  belt,  especially  for  high-speed  operation  (3,000- 
5,000  feet  per  minute),  to  allow  the  air  to  escape;  and  since  these 
are  in  the  form  of  narrow  slits,  with  their  greatest  dimension  in 
the  direction  of  motion,  they  do  not  materially  reduce  the  strength 
of  the  belt. 

Arrangement  and  Care  of  Belting,  It  is  very  desirable, 
for  satisfactory  running,  that  belts  should  be  reasonably  long  and 
nearly  horizontal.  The  distance  between  the  centers  of  two  belt- 
connected  pulleys  should  be  not  less  than  3  times  the  diameter  of 
the  larger  pulley.  The  belt  should  be  just  tight  enough  to  avoid 
slipping,  without  straining,  the  shaft  or  bearings.  The  two  shafts 
which  are  to  be  belt-connected  must  be  perfectly  parallel,  and  the 
centers  of  the  face  of  the  driving  and  driven  pulleys  must  be  ex- 
actly opposite  to  each  other,  in  a  straight  line  perpendicular  to  the 
axis  of  the  shafts.  The  machines  should  then  be  turned  over 
slowly  with  the  belt  on,  to  see  if  the  latter  tends  to  run  to  one  side 
of  the  pulley,  which  would  show  that  it  is  not  yet  properly  "lined 
up,"  in  which  case  one  or  both  machines  should  be  slightly  shifted, 
until  the  belt  runs  properly.  If  possible,  the  machine  and  belt 
should  be  set  and  adjusted  so  as  to  cause  the  armature  to  move 
back  and  forth  in  the  bearings  while  running,  on  account  of  the 
side  motion  of  the  belt,  and  thus  make  the  commutator  wear  more 
smoothly,  and  distribute  the  oil  in  the  bearings. 

It  is  always  desirable  to  have  belts  as  pliable  as  possible; 
hence  the  occasional  use  of  a  good  belt  dressing — as  neatsfoot  oil, 
etc. — is  recommended.  Kosin  and  other  sticky  substances  are 
sometimes  applied  to  increase  the  adhesion ;  but  this  is  a  practice 
allowable  only  in  an  emergency,  as  it  may  destroy  the  belt  surface. 

In  places  where  the  belting  is  very  much  exposed,  and  liable 
to  catch  in  the  clothing  of  any  person,  it  is  advisable  to  surround 
it  by  a  railing  or  box. 

Rope  Driving  possesses  advantages  over  ordinary  belting  in 
some  cases.  The  rope  runs  in  V-shaped  grooves  in  the  peripheries 
of  the  pulleys,  and  thereby  obtains  a  great  grip  by  a  sort  of  wedg- 
ing  action.     The  kinds  of  rope  ordinarily  employed  for  this  pur- 
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pose  are  cotton,  hemp,  rawhide  and  wire.     The  general  advantages 
are: 

1.  Economy  in  cost. 

2.  Large  amount  of  power  that  can  be  transmitted  with  a 
given  diameter  and  width  of  pulley,  on  account  of  the  grip  ob- 
tained. 

3.  It  is  almost  noiseless. 

4.  Ropes,  on  account  of  their  lightness,  can  be  used  to  trans- 
mit power  over  greater  distances  than  are  possible  with  any  other 
form  of  belting;  and  also  for  very  short  distances  on  account  of  the 
wedging  action.  Manila  rope  is  generally  used  in  the  United  States, 
being  of  three  strands,  hawser  laid,  and  may  be  from  ^  inch  to  2 
inches  in  diameter.  The  breaking  strength  varies  from  7,000  to 
12,000  pounds  per  square  inch  of  cross-section.  It  has  been  found 
that  the  best  results  are  obtained  when  the  tension  in  the  driving 
side  of  the  rope  is  only  3  to  4  per  cent  of  the  breaking  strength. 

The  diameter  of  a  single  rope  necessary  to  transmit  a  required 
H.  P.  is  given  by  the  formula: 

"p.2  825  H.P. 

"  ^(««»  -  m) 

in  which  H.  P.  ==  horse-power  transmitted; 

V  =  velocity  of  rope  in  feet  per  second; 
D  =  diameter  of  rope  in  inches. 

The  maximum  power  is  obtained  at  a  speed  of  about  84  feet 
per  second.  AVith  higher  speeds  the  centrifugal  force  becomes  so 
great  that  the  power  transmitted  decreases  rapidly,  and  at  about 
142  feet  per  second  it  counteracts  tlie  whole  allow^able  tension 
(200  D''  pounds)  and  no  power  is  transmitted. 

Arrangement  of  liojHi  Jiel ting .  There  are  two  methods  of 
arranging  roj)e  transmission:  one  consists  in  using  several  separate 
belts;  and  the  other  employs  a  single  endless  rope  which  passes 
spirally  around  the  pulley  several  times  and  is  brought  back  to 
the  first  groove  by  a  slanting  idle  pulley,  and  therefore  is  called 
the  "wound"  system.  The  separate  ropes  do  not  require  the 
carrying-over  pulley,  and  if  one  rope  breaks^  those  remaining  are 
sufficient  to  transmit  the  power  temporarily;  whereas  an  accident 
with  the  single-rope  system  entirely  interrupts   the  service.     In 
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the  "raulti-rope"  system  it  is  practically  impossible  to  make  and 
maintain  the  belts  of  exactly  equal  length,  hence  the  tensions  on 
the  various  ropes  differ,  and  they  hang  at  different  heights  on  the 
slack  side,  j)roducing  an  awkward  appearance. 

Toothed  Gearing^  possesses  the  decided  advantages  of  positive 
action  and  the  ability  to  give  large  ratios  of  speed  and  small  side 
pressure  on  the  bearings.  Nevertheless  it  is  seldom  employed  for 
driving  generators.  As  the  most  extensive  applications  of  gearing 
for  electrical  purposes  are  in  connection  with  railway  motors,  it 
'vill  be  taken  up  under  that  heading. 

SHAFTING. 

An  intermediate  or  counter  shaft  is  not  desirable  since  it  in- 
creases the  complication  and  frictional  losses  of  the  system;  but  it 
is  often  necessary  in  the  generation  or  application  of  electric  power, 
either  to  obtain  a  greater  multiplication  of  speed  than  is  possible 
by  belting  directly,  or  to  enable  a  single  engine  or  motor  to  drive 
a  greater  number  of  machines. 

The  two  important  kinds  of  shaftings  are  "  cold -rolled  "  and 
"  turned."  The  former  is  rolled  to  the  exact  size  and  requires  no 
further  treatment.  It  has  the  advantage  of  a  smooth,  hard  surface, 
but  it  is  difficult  to  make  perfectly  true  and  straight.  Turned- 
steel  shafting  is  most  commonly  employed,  and  has  the  advantage 
that  shoulders,  journals,  or  other  variations  in  size  can  be  easily 
made  on  it.  The  following  table  gives  the  ordinary  data  for 
shafting: 

TABLE  I. 

Shafting. 


Diameter  in 

Weight 

Allowable 
H.  P.  trans- 

Width of 

k(>^  seat  in 

inches. 

inches. 

lbs.  per  ft. 

mitted  at 
100  r.  p.  m. 

1t'« 

5.5 

4.3 

f 

m 

10. 

10. 

i 

2A 

16.8 

20. 

i 

2M 

23. 

84. 

1 

3tV 

31.5 

54. 

1 

31 J 

41. 

80. 

1 

43- 

62.8 

156. 

1 

(5  J 

91.1 

270. 

1 
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"With  speeds  greater  tban  100  r.  p.  m..  the  allowable  11.  P.  varies 
directly  in  proportion  to  tlie  speed  employed. 

ASSEMBLINQ  OF  THE  MACHINE. 

In  unpacking  and  putting  the  machine  together,  great  care 
should  be  used  to  avoid  the  least  injury  to  any  part,  to  clean  scm- 
pnlonsly  each  part,  and  to  put  the  parts  together  in  exactly  the 
right  way.  This  tare  is  particularly  important  with  regard  to  the 
shaft,  bearings,  magnetic  joints,  and  electrical  connections,  from 


Fig.  7. 

which  every  particle  of  grit,  dust,  metal  chips,  waste,  etc.,  should 
be  removed.  It  is  advisable  to  study  carefully  the  blue  prints  or 
instruction  matter  usually  sent  with  each  machine,  before  attempt, 
ing  to  put  it  together.  The  armature  must  be  handled  with  great 
care  in  order  not  to  injure  the  wirey  and  their  insulation  as  well  as 
the  commutator  and  shaft.  The  armature  should  be  handled  as  far 
as  possible  by  the  shaft,  and  when  it  must  be  placed  on  the  ground 
a  pad  of  cloth  or  layer  of  boards  should  be  interposed.  A  con- 
venient  form  of  sling  for  handling  armatures  with  their  shafts  in 
position  is  shown  in  Fig.  7,  Tlie  bearings  should  be  carefully 
cleaned,  set  in  exactly  the  right  positions,  and  firmly  secured.  The 
tops  should  be  left  loose  for  a  short  time,  so  that  the  tendency  to 
heat  Up  at  the  first  run  may   be  decreased:   and  after  that  thsj 
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should  be  drawn  up  tight.  The  field  frame  should  be  set  so  that 
the  air  gap  is  the  same  for  all  pole  pieces,  as  otherwise  the  ma- 
chine will  be  magnetically  unbalanced  and  tend  to  spark  badly. 
The  adjustment  of  the  brushes,  etc.,  should  preferably  be 
left  until  the  machine  is  electrically  connected  and  ready  to  receive 
its  trial  run. 

METHODS  OF  WIRING. 

Before  laying  the  wires,  the  circuits  should  be  carefully  mapped 
out  and  the  work  so  planned  as  to  secure  the  simplest  arrangement. 
The  wiring  should  then  be  installed  neatly  and  in  accordance 
with  the  rules  of  the  National  Board  of  Plre  Underwriters  and  of 
the  local  department  having  supervision.  Otherwise  unnecessary 
trouble,  delay  and  expense  may  be  incurred. 

The  wire  may  be  installed  in  one  of  two  general  methods,  vis.: 

I  Cleats. 

Exposed  on    \  Knobs. 

(  Bushings. 
/   Wooden  moulding. 
Concealed  in  \  Iron  conduit. 

(  Terra  cotta  conduit. 

The  wire  should  preferably  be  either  rubber- covered  or  made 
up  in  the  form  of  lead  cables.  Exposed  wires  possess  the  advan- 
tages of  cheapness,  as  w^ell  as  accessibility  for  inspection  and  repair; 
and  any  short  circuit  or  ground  is  readily  seen  and  removed, 
whereas  it  might  cause  great  uncertainty  and  delay  when  the  wires 
are  concealed. 

Concealed  conductors,  especially  where  they  are  placed  under 
the  floor,  have  the  great  advantage  over  exposed  wiring,  in  that 
they  are  entirely  out  of  the  way.  This  is  especially  important  in 
large  installations,  where  overhead  traveling  cranes  are  almost  a 

necessity. 

When  alternating-current  conductors  are  enclosed  in  iron  con- 
duits,both  wires  of  each  phase,  or  all  the  wires,  must  be  run  in  the 
same  duct,  otherwise  the  inductance  would  be  excessive. 

All  conductors,  including  those  connecting  the  machine  with 
the  switchboard,  as  well  as  the  bus  bars  on  the  latter,  should  be  of 
ample  size  to  be  free  from  overheating  and  excessive  loss  of  volt, 
ao-e.  The  drop  between  the  generator  and  switchboard  should  not 
exceed  \  per  cent  at  full  load,  because  it  interferes  with  proper 
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regulation  and  adds  to  the  less  easily  avoided  drop  on  the  distribu- 
tion system. 

The  safe  carrying  capacities  of  copper  conductors  as  recom- 
mended by  the  Board  of  Fire  Underwriters,  are  given  in  the  fol- 
lowing table: 

TABLE  II. 

Safe  Carrying  Capacities  of  Copper  Wires. 

Rubber  Other 

Insulation.  Insulations. 

B.  A  S.  G.  Amperes.  Amperes.  Circular  Mils. 

18 3 5 1,624 

16 6 8  : 2,683 

U 12 16 4,107 

12 17 23 6,530 

10 24 32 10,380 

8 33 46 16,510 

6 46 65 26,250 

5 54 77 33,100 

4 65 92 41,740 

3 76 110 52,630 

2 90 131 66,370 

1 107 156 83,690 

0 127 185 105,500 

00 150 220 133,100 

000 177 262 167,800 

0000 210 312 211,600 

Circular  Mils. 

200,000 200 300 

300,000 270 400 

400,000 330 500 

500,000 390 590 

600,000 450 680 

700,000 500 760 

800,000 550 810 

.900.000 600 920 

1,000,000 650 1,(K)0 

1,100,000 690 1,080 

1,200,000 7;30 1,150 

1,300,000 770 1,220 

1,400,(X)0 810 1,290 

1,500,000 850 1,360 

1,600;000 890 1,430 

1,700,000 930 1,490 

1,800,000 970 1.5.50 

1,900,000 1,010 1,610 

'  2,000,000 1,050 1,670 

The  lower  limit  is  specified  for  rubber-covered  wires  to  prevont  g^radual 
deterioration  of  the  high  insulations  by  the  heat  of  the  wires,  but  not  from 
fear  of  igniting  the  insulation.  The  question  of  drop  is  not  taken  into  con- 
sideration in  the  above  tables. 

The  carrying  capacity  of  Nos.  16  and  18,  B  &  S.  gage  wire  is  given,  but 
no  smaller  than  No.  14  is  to  be  used. 
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The  safe  carrying  capacity  of  insulated  aluminum  wire  is  84 
per  cent  of  that  given  for  copper  wires  of  corresponding  size  and 
insulation. 

Switches  are  devices  for  closing  and  opening  the  various  cir- 
cuits or  branches  of  an  electrical  distribution  system.  A  knife 
switch  should  always  be  employed  when  the  capacity  of  the  circuit 
to  be  controlled  exceeds  10  amperes.  It  may  be  single-,  double-,  or 
triple-pole;  single-  or  double-throw;  and  with  or  without  fuses  as 
desired.  If  the  rated  capacity  of  a  switch  exceeds  25  amperes,  its 
terminals  must  be  provided  with  lugs  into  which  the  ends  of  the 
conducting  wires  should  be  soldered.  The  principal  parts  of  a 
knife  switch  (Fig.  &)  are  the  base  {a\  which  must  consist  of  a  non- 
combustible,  non-absorptive  insulating  material;  the  hinges  (J), 
which  carry  the  blades  (c)\  the  contact ^^ai^^  or  clips  (d)]  the  insu- 
lating cross-bar  (e)]  and  the  hufulle   {f).     The  hinges,  blades 

and  jaws  should  be  made  of 
pure  copper,  of  sufficient  cross- 
section  to  insure  mechanical 
stiffness  and  proper  carrying 
capacity,  and  their  contact  sur- 
faces must  not  be  less  than  1 
square  inch  per  75  amperes  of 
the  rating.  The  hinges  and 
contact  jaws  must  be  springy 
enough  to  insure  good  contact 
with  the  blades.  The  blades 
and  jaws  must  l>e  so  shaped 
that  they  open  along  their  entire  length  simultaneously;  other- 
wise  the  arc  which  is  formed  upon  opening  a  loaded  circuit,  will 
burn  off  the  last  points  of  contact.  In  fact  this  arc,  when  pro- 
duced by  a  heavy  current,  is  very  difficult  to  control;  and  switches 
should  never  be  opened  on  heavily -loaded  circuits  except  in  an 
emergency.  In  practice,  however,  some  form  of  electro-magnetic 
circuit-breaker  is  employed  for  the  purpose,  and  may  be  operated 
automatically  with  overload,  or  by  hand  at  any  time. 

Knife  switches  should  be  so  placed  that  gravity  tends  to  open 
rather  than  to  close  them.  They  should  always  be  located  in  dry, 
accessible  places  and  grouped  as  far  as  possible      If  located  in  ex- 


Fig.  8. 
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posed  positions  thej  should  be  enclosed  in  slate  or  equivalently 
lined  cabinets.  The  distances  between  the  parts  of  opposite  polar- 
ity, in  an  approved  knife  switch,  must  never  be  less  than  the  values 
given  in  the  following  table: 

TABLE  III. 
Switch  Datm. 

Minimum  Separation  of  M inimnm 

125  VOLTS  OB  LESS  :  Nearest  Metal  Parts  of  Break- 

Opposite  Polarity.  Distance. 

For  Stoitchboards  and  Panel  Boards— 

10       amperes  or  less J  inch     i  inch. 

11-25        "  1      "        I      " 

26-50        "  li    "        1        " 

For  Individual  Switches — 

10  amperes  or  less 1    inch  |  inch. 

11-     35        "         li    "  1       " 

36-   100        "         U    "  U     " 

101-  300        **         24    "  2       " 

301-600        "         2|    "  2J     " 

601-1,000        ''         3      "  2|     " 

126  TO  250  VOLTS  : 

For  all  Switches — 

10  amperes  or  less H  inch  li  inch. 

ll-     35        "         l|    "  l|      " 

36-100        "         2i    "  2       " 

101-300        "         2t    "  

301-600        "         2^    "  2.V 

.601-1,000        "         3      "  2|      " 

On  switchboards,  the  above  spacings  for  250  volts  direct  cur- 
rent are  also  approved  for  440  volts  alternating  current.  Switches 
on  switchboards  with  these  spacings  intended  for  use  on  alternat- 
ing-current systems  with  voltages  above  250,  must  be  stamped 
with  the  voltage  for  which  they  are  designed,  followed  by  the  let- 
ters "A.  C." 

251  TO  600  VOLTS  : 

For  all  Stoitches — 

10         amperes  or  less 3J  inch     3    inch. 

11-35        "        4      "        3J      " 

36-100        "        4J    "        4       " 

Auxiliary  breaks    or   the  equivalent   are   recommended    for 

switches  designed  for  over  300  volts  and  less  than  100  amperes, 

and  will  be   re(juired  on  switches  designed  jfor  use  in  hreakuuj 

currents  greater  than   100  amperes  at  a  pressure  of  more  than 

300  volts. 


24     " 

9l       " 
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For  three-wire  Bysteiiis  switches,  must  have  the  break -distance 
required  for  circuits  of  the  potential  of  the  outside  wires. 

Safety  Fuses  and  Cut-outs*  Almost  all  electrical  circuits, 
except  those  for  constant-current  arc  lightings  are  prott^cted  from 
abnormal  increase  of  current  by  safety  fuses.  These  consist  of 
wires  or  strips  of  metal  introduced  into  the  circuit,  and  so  designed 
in  cross-section  and  resistance  that  they  will  melt  and  open  the 
circuit  in  case  of  excessive  current,  before  the  rest  of  the  system 
becomes  unduly  heated. 

The  requirements  for  effective  safety  fuses  may  be  stated  as 
follows: 

1.     They  should  mcU  at  a  defiuito  current. 

2.  They  should  not  change  in  this  respect  by  the  effect  of  time,  nor  by 
heating  or  other  action  of  the  current,  nor,  in  fact,  under  any  reasonable 
conditions. 

3.  They  should  act  j)romi)tly. 

4.  They  should  give  firm  and  lasting  contacts  with   the  terminals  to 
which  they  are  attached. 

These  fuses  are  of  two  general  types; 

(a)     Open  or  link  fuses. 

(&)     Enclosed  or  cartridge  fuses. 

The  open  or  link  fuses  (Fig.  9)  consist  of  strips  of  fusible 


\J 


Fig.  9.  .  Fig.  10. 

alloy  j)rovi(led  wnth  copper  terminals.  Each  size  is  designed  to 
carry  a  certain  normal  current,  but  will  melt  and  open  the  circuit 
when  the  current  exceeds  that  rating  by  25  per  cent.  When  a  link 
fuse  ''  blows  "  as  a  result  of  overloading,  the  rupture  is  accomj)anied 
by  a  flash,  and  by  spattering  of  the  fused  material.  With  large 
currents  this  phenomenon  is  a  source  of  danger,  and  the  use  of  en- 
closed fuses  is  accordingly  recommended  whenever  the  rating  of 
the  fuse  exceeds  25  amperes. 

Enclosed  fuses  (Eig.  lOj  have  a  casing  around  the  fusible  ma- 
terial, which  prevents  the  dangerous  spattering  and  which  also 
smothers  the  arc  that  tends  to  form  whenever  a  fuse  blows. 

Fuses  should  always  be  ein])l()ye(l  when  the  size  of  the  wire 
changes,  or  where  connections  between  any  electri'*ul  ai)paratus  and 
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the  conductors  are  made.  They  mast  be  mounted  on  elate,  marble, 
or  porcelain  bases;  and  all  metallic  fittings  employed  in  making 
electrical  contacts  must  have  Buificient  cross-section  to  insure  me- 
chanical stilTnesB  and  carrying  capacity. 

Electro-magnetic  Circuit- Breakers  or  Limit  Switches  are  fre- 
quently used  in  place  of  fuses  to  protect  electrical  circuits.     Their 


Fig.  11. 

general  construction  and  application  am  indicated  in  Fig.  11.  The 
current  is  led  through  a  helix  A  the  electro-magnetic  action  of 
which,  when  tlie  current  readies  a  predetermined  limit,  automatic- 
ally releases  the  blades  from  contact  with  the  jaws  and  tiius  opens 
the  circuit.  The  final  break  occurs  at  carbon  tips,  thus  jireventing 
destructive  arcing  at  the  copper  contacts.  Circuit-breakers  possess 
tho  following  advantages  over  fuses: 

1,     They  can  be  employed  an  Hwltches  if  deeireit. 

2-  Tbey  can  easily  be  reset  and  tlin»  put  Into  ci>nilitliin  for  acting 
*gain. 
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3.  Their  range  can  be  easily  varied  within  considerable  limits. 

4.  They  can  also  be  made  to  operate  **tell  tales"  whenever  the  circuit 
they  control  is  opened. 

On  account  of  these  general  advantages,  their  use  is  advisable 
on  switchboards  of  systems  that  are  liable  to  frequent  overloads. 
The  circuits,  however,  should,  as  a  rule,  be  provided  also  with 
fuses,  since  it  is  possible  that  the  circuit-breaker  may  fail  to  open, 
owing  to  corrosion  or  other  cause. 

Startiiig-Boxes  should  always  be  furnished  with  D.  C.  motors, 
for  the  following  reason:  If  the  line  voltage  should  be  applied 
directly  to  the  terminals  of  the  armature  while  it  is  standing  still, 
a  very  excessive  current  would  flow,  since  the  resistance  is  low  and 
no  C.  E.  M.  F.  exists.  Hence,  to  prevent  in  jury  to  the  winding,  a 
resistance  is  inserted  between  one  supply  terminal  and  the  arma- 
ture in  order  to  reduce  the  electromotive  force  at  the  motor  terminals 
while  it  is  speeding  up,  the  resistance  being  gradually  reduced 
until  completely  removed  when  rated  speed  is  reached.  All  motor 
starting-boxes  must  also  bo  provided  with  a  no- voltage  release. 
This  consists  of  an  electro-macjnet  in  series  with  the  shunt-field 
circuit,  which  holds  the  rheostat  arm  in  the  operating  position  as 
long  as  current  flows  through  the  shunt  field  from  the  line.  If 
the  line  switch  be  opened  or  the  shunt-field  circuit  accidentally 
broken,  the  device  becomes  demagnetized  and  releases  the  arm, 
which  returns  to  its  starting  position  (all  resistance  in  circuit)  by 
the  action  of  a  spring  or  of  gravity.  The  starting-boxes  of  larger 
motors  are  also  frequently  equipped  with  overload  releases.  These, 
practically,,  are  electro-magnetic  circuit-breakers  which  open  the 
supply  lines  if  the  motor  becomes  greatly  overloaded.  The  general 
arrangement  of  switches,  cut-outs  and  starting-boxes  should  be  in 
accordance  with  the  following  extract  from  the  llules  of  the 
National  Board  of  Fire  Underwriters: 

*'Each  motor  and  starting-box  must  be  protected  by  a  cut-out  and 
controlled  by  a  switch,  said  svyitch  plainly  indicating  whether  *on'  or  *off. ' 
The  switch  and  rheostat  must  be  located  within  sight  of  the  motor,  except  in 
cases  where  special  permission  to  locate  them  elsewhere  is  given,  in  writing, 
by  the  Inspection  Department  having  jurisdiction. 

"Where  the  circuit-breaking  device  on  the  motor-starting  rheostat  dis- 
connects all  wires  of  the  circuit,  this  switch  may  be  omitted. 

"Overload-release  devices  on  motor-starting  rheostats  will  not  be  con- 
sidered to  take  the  place  of  the  cut-out  required  if  they  are  inoperative  during 
the  starting  of  the  motor. 
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"The  switch  is  necessary  for  entirely  disconnecting  the  motor  when 
not  in  use ;  and  the  cut-out,  to  protect  the  motor  from  excessive  currents  due  to 
accidents  or  careless  handling  when  starting.  An  automatic  circuit-breaker 
disconnecting  all  wires  of  the  circuit,  may,  however,  serve  as  both  switch  and 
cut-out." 

The  Various  Kinds  of  Circuit  on  which  motors  and  gener- 

ators  are  commonly  used,  and  the  best  type  of  machine  in  each 

case,  are  as  follows  : 

TABLE  IV, 

Types  of  rUchine  for  Various  Kinds  of  Circuits. 

DIRECT^URBENT,  CONSTANT-POTENTIAL. 

CireuiU  on  lokich  potential  or  volttiqe  U  kept  conitant;  mctchineaj  lamp9,  eto., 

being  run  in  parallet, 


Currents 
intended  foi 


Electro-metal- 
lurgy. 

Incandescent 
lighting. 


Electric  railway 
Electric  power. 


Potential. 


1  to  150  volts 

110  to  125  volts 

(2-wire  sys.) 
22»  to  250  volts 
(2- or  3- wire  sys.) 


t 


500  to  660  volts 


! 


Generator 
shonld  be — 


Shunt-wound. 


Shunt-  or 
compound- 
wound. 


Compound- 
wound. 


Motor  shotdd  be — 


Not  used. 

Shunt-wound  for 

constant  speed. 

Sometimes  series-  or 

com  pound- wound 

for  variable  speed. 

Series-wound  for 

railway. 

Shunt-wound  for 

stationary. 


DIRECT,  CONSTANT-CURRENT. 

Circuits  on  which  current  or  amperes  are  kept  constant;  machines^  lamps^  etc^ 

being  run  in  series. 


Circnits 
intended  for— 

Current  in  Amperes. 

Generator 
should  be  - 

Motor. 

Arc  lighting. 

6.8  or  9.6 

Series-wound 

with  current 

regulator. 

• 

No  longer  used. 

ALTERNATING^DRRENT,  POLYPHASE. 
Constant-potential^  two-  or  three-phase  currents. 


Circuits  intended  for— 

Potential  in  Volts. 

Generator 

shonld  be- 

Motor  Is— 

Power  transmission. 

On  the  line, 
5,000  to 
60,000. 

In  the 

machines, 

varying  500 

to  12,000 

Separately 
excited. 

Synchronous 
or  Induction. 

149 


24  MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY 

ALTKRNATINQ.CURRENT.  SINGLE-PHASE. 
Almoit  alwap8  conatant-potentiaU 


Circuits  intended  for— 

Potential  in  Yolts. 

Generator 
should  be — 

Motor 
should  be^ 

Incandescent 

lighting. 
Arc  lighting. 

Sometlmst  conitant-current. 

Electric  power. 

Primary, 

1,000 
or  more. 

Secondary, 
lot  or  208. 

Separately 
excited. 

Also  some- 
times 

composite- 
wound. 

Synchronous. 
Induction. 

Series. 
Repulsion. 

Diagrams  of  Connections  are  given  for  each  important  case 
to  show  what  is  actually  required.  These  merely  represent  the 
path  of  the  currents  in  the  simplest  way,  the  important  thing  be- 
ing  to  have  these  paths  right,  and  to  know  which  parts  or  wires  are 
to  be  connected.  The  case  of  plants  operating  with  only  a  single 
generator  will  bo  first  considered,  and  then  the  parallel  or  series 
operation  of  several  machines  described. 

Shunt  Dynamo,  Supplyins^  Constant  -  Potential  Circuit. 
A  machine  of  the  above  type 
is  represented  in  Fig.  12,  with 
the  necessary  connections.  The 
brushes  are  connected  to  the  two 
conductors  forming  the  main  cir- 
cuit; also  to  the  field-magnet  coils 
SA  through  a  resistance-box  R,  to 
regulate  the  strength  of  current 

and  therefore  the  magnetism  in  the  field.  A  voltmeter  is  also  con- 
nected to  the  tw^o  brushes  or  main  conductors,' to  measure  the  volt- 
age or  electrical  pressure  botwot^n  them.  One  of  the  main 
conductors  is  connected  through  an  ammeter  A,  which  measures 

the  total  current  on  the  main 
ci  rcuit.  The  lamps  L,  or  mo- 
tors M,  are  connected  in  par- 
allel between  the  main  con- 
ductors or  between  branches 
from  them.  This  represents 
the  ordinary  low.tension  sys- 
tem for  electric  light  and 
power  distribution  from  isolated  plants  or  centrssl  stations. 


Fig.  12. 


<: 


Un9 
-^ — 


Fig.  13. 
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Series  Dynamo  Supplying:  Constant-Current  Circuits.     The 

connections  in  this  case  are  extremely  simple,  the  armature,  field 
coils,  ammeter,  main  circuit,  and  lamps  all  being  connected  in  one 

series  (Fig.  13),  the  current  be- 
ing kept  constant.  This  system 
is  used  for  series  D.  C.  arc  light- 
ing. 

Compound  Direct  -  Current 
Dynamo.  This  machine  is  a 
combination  of  the  two  forego- 
ing types  as  regards  field  wind- 
ing; but  its  load  of  lamps  and  motors  are  connected  in  parallel, 
as  shown  in  Fig.  14.  The  resistance  Z  is  known  as  the  "  series  " 
shunt,  and  is  for  adjusting  the  percentage  of  compounding.  The 
greater  the  resistance  of  Z,  the  greater  the  current  passing  through 
the  series  field,  and  the  greater  the  compounding.  This  type  of 
machine  is  most  extensively  employed  in  electric  railway  and  in 
isolated  plant  work. 


Fig.  14. 


MamS^'fcA^ 


fbs0  Bhoks 


Fig.  15. 

Alternating-Current  Plants.     The  connections  for  a  single- 
phase  installation  are  shown  in  Fig.  15,  in  which  the  names  of  the 
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different  parts  are  given.  This  system  is  extensively  used  for 
lighting  over  considerable  distances,  and  is  very  well  adapted  to 
street  railway  work.  The  wiring  of  a  two-phase  system  is  essen- 
tially double  that  given  above,  and  can  be  treated  as  a  system  con- 
sisting of  two  single-plir^se  circuits. 

The  wiring  of  a  three-phase  system  is  as  shown  in  Figs.  16a 
and  16i,  the  former  being  known  as  the  "Y"  system  or  "Star" 


Fig.  16a. 

Eystem,  and  the  latter  as  the  "Delta"  (^)  system  or  "Mesh"  sys- 
tem.  When  the  Y  system  is  required  for  both  lighting  and 
power,  it  is  arranged  as  shown  in  Fig.  16^. 

The  Direction  of  Rotation  of  the  various  machines  is  some- 
times a  matter  of  doubt  or  trouble.  Almost  any  generator  or 
motor  is  intended  to  be  run  in  a  certain  direction;  that  is,  it  is 
called  "right-handed"  or  "left-handed"  according  to  whether  the 
armature  does  or  does  not  revolve  like  the  hands  of  a  clock,  when 
looked  at  from  the  pulley  end.     Generators  and  motors  are  usually 


Jb»cciNr 


T^ 


Fig.  166. 

designed  to  be  right-handed,  but  the  manufacturer  will  make  them 
left  handed  if  specially  ordered.  This  may  be  required  because 
the  other  pulley  to  which  the  machine  is  to  be  connected  happens 
to  revolve  left-handed  ;  or  it  may  be  necessary  in  order  to  bring 
the  loose  side  of  the  belt  on  top,  or  to  permit  the  machine  to 
occupy  a  certain  position  where  anace  is  limited. 
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To  reverse  the  direction  of  rotation  of  an  ordinary  shunt  (or 
series)  direct-current  bipolar  motor,  the  brushes  may  simply  be 
reversed  as  indicated  in  Fig.  17,  without  changing  any  connection. 
This  changes  the  point  of  contact  of  each  brush  tip  180^ 

If  the  machine  is  multipolar,  a  similar  change  must  be  made, 
amounting  to  90^  in  a  four-pole,  45"*  in  an  eight-pole  machine,  etc. 


^S 


Fig.  16c 

The  direction  of  the  current  and  the  polarity  of  the  field  magnets 
remain  the  same  as  before;  all  that  is  cliano-ed  is  the  direction  of 
rotation  and  the  position  of  the  brushes.  This  aj)plie8  to  any 
machine  (either  motor  or  generator)  except  arc  dynamos  and  one 
or  two  other  peculiar  machines,  which  require  to  be  run  in  a  cer- 
tain direction  to  suit  the  regulating  apparatus. 

A  separately  excited  alternating-current  generator  can  be  re- 
versed in  direction  of  rotation  without  changing  any  connection. 
A  self-exciting  or  compound-wound  alternator  requires  the  brushes 
that  supply  the  direct  current  to  the  field  to  be  reversed  upon  the 


Fig.  17. 

commutator,  and  their  tips  moved  through  an  angle  as  above 
stated,  if  the  rotation  is  to  be  reversed. 

In  any  case,  copper  brushes  (unless  they  be  gauze  brushes 
pressing  radially  upon  the  commutator)  should  point  in  the  direc- 
tion of  rotation ;  but  carbon  brushes,  particularly  if  they  are  per- 
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pendicular  to  the  surface  of  the  commutator,  allow  the  armature 
to  be  revolved  in  either  direction. 

If  the  direction  of  the  current  from  a  generj^tor  is  opposite  to 
that  desired,  the  two  wires  leading  from  it  should  exchange  places 
in  the  terminals.  If  this  is  not  desirable,  the  residual  magnetism 
may  be  reversed  by  passing  through  the  field  winding  a  current 
opposite  in  direction  to  the  original  current. 

Changing  the  direction  of  the  current  by  reversing  the  main 
wires  or  otherwise,  does  not  reverse  the  direction  of  rotation  of 
any  motor,  since  it  reverses  hoth  the  armature  and  the  field.  The 
way  to  reverse  the  direction  of  rotation  is  to  reverse  either  the 
armature  or  the  field  connection-  alone ^  leaving  the  other  the  same 
as  before. 

Examination  i>efore  Starting^.  The  machine  should  be 
cleaned  throughout,  especially  the  commutator,  brushes,  electri- 
cal connections,  etc.  Any  metal  dust  on  the  commutator  or  near 
electrical  connections  should  be  removed,  as  it  is  very  likely  to 
cause  short  circuits  or  grounds.  Examine  the  machine  carefully, 
and  make  sure  that  there  are  no  screws  or  other  parts  that  are  loose 
or  out  of  place.  See  that  the  oil-cups  have  a  sufficient  supply  of 
oil,  that  the  passages  for  the  oil  are  clean,  and  that  the  feed  is  at 
the  proper  rate.  In  the  case  of  self-oiling  bearings,  the  rings  or 
other  means  for  carrying  oil  should  work  freely.  See  that  the  belt, 
if  used,  is  in  place,  and  that  it  has  the  proper  tension.  If  the  ma- 
chine is  beincf  started  for  the  first  time,  it  should  be  turned  a  few 
times  by  hand,  or  run  very  slowly,  in  order  to  determine  whether 
the  shaft  revolves  easily  and  the  belt  runs  on  centers  of  pulleys. 

The  brushes  should  be  carefully  examined,  and  adjusted  to 
make  good  contact  with  the  commutator  at  the  proper  point,  the 
switches  connecting  the  machine  to  the  circuit  being  left  open. 
The  machine  sliould  then  be  started  with  care,  and  brought  up  to 
full  speed  gradually,  if  possible.  The  person  who  starts  either 
a  dynamo  or  a  motor  should  closely  watch  the  machine  and  every- 
thing connected  with  it,  and  should  be  ready  to  throw  it  out  of  cir- 
cuit and  stop  it  instantly  if  the  least  thing  seems  to  be  wrong.  He 
should  then  be  sure  to  find  out  and  correct  the  trouble  before  start- 
ing again. 

Starting  a  Generator.     A  generator  is  usually  brought  up  to 
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speed  either  by  starting  its  engine  or  other  prime  mover,  or  by 
connecting  it  to  a  source  of  power  already  in  motion,  The  former 
should  be  attempted  only  by  a  person  competent  to  manage  steam 
^  engines  or  the  prime  mover  in  question.  The  mere  mechanical 
connecting  of  a  generator  to  a  source  of  power  is  usually  not  dif- 
ficult; but  it  should  be  done  carefully  and  intelligently,  even  if  it 
only  requires  throwing  in  a  friction -clutch  or  shifting  a  belt  from 
an  idle  pulley.  To  put  a  belt  on  a  pulley  in  motion  is  difficult  and 
dangerous,  particularly  if  the  belt  is  large  or  the  speed  is  high; 
and  should  not  be  tried  except  by  one  who  knows  just  how  to  do 
it.  Evea  if  a  stick  is  used  for  this  purpose,  it  is  apt  to  be  caught 
and  thrown  around  by  the  machinery  unless  used  in  exactly  the 
right  way. 

In  many  cases  generators  are  brought  to  full  speed  before  the 
brushes  are  put  in  contact  with  the  commutator;  but  this  is  not 
necessary.  If  the  brushes  are  in  contact  before  starting,  they  can 
be  more  easily  and  perfectly  adjusted,  and  the  E.  M.  F.  will  come 
up  slowly,  so  that  any  fault  or  difficulty  will  develop  gradually  and 
can  be  corrected,  or  the  machine  stopped,  before  any  injury  is 
done.  In  fact,  if  the  machine  is  working  alone  on  a  system,  and 
ia  absolutely  free  from  any  danger  of  short-circuiting  any  other 
machine  or  storage  battery  on  the  same  circuit,  it  may  be  started 
while  connected  to  the  circuit,  but  not  otherwise  (see  next  article). 
With  a  large  number  of  lamps  connected  to  the  circuit,  the  field 
magnetism  and  voltage  might  not  be  able  to  "  build  up  *'  until  the 
line  is  disconnected. 

If  one  generator  is  to  be  connected  to  another  or  to  a  circuit 
having  other  generators  or  a  storage  battery  working  upon  it,  the 
greatest  care  should  be  taken.  This  coupling  together  of  genera- 
tors  can  be  done  perfectly,  however,  if  the  correct  method  is  fol- 
lowed, but  is  likely  to  cause  serious  trouble  if  any  mistake  is 
made. 

Two  or  more  machines  are  often  connected  to  a  common 
circuit.  This  is  especially  the  case  in  central  stations  where  the 
load  varies  so  much  that,  while  one  generator  may  be  sufficient  for 
certain  hours,  two,  three,  or  more  machines  may  be  required  at 
other  times.  The  various  ways  in  w  hich  this  is  done  depend  upon 
the  character  of  the  machines  and  of  the  circuit. 
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Generators  may  be  connected  together  either  in  parallel  or  in 
series. 

Generators  in  Parallel.  In  this  case  the  -r  (positive  or  plus) 
terminals  are  connected  together  or  to  the  same  line,  and  the  - 
(negative  or  minus)  terminals  are  connected  together  or  to  the  other 
line.  The  currents  (i.  e.y  amperes)  of  the  machines  are  thereby 
added,  but  the  £.  M.  F.  (volts)  is  not  increased.  The  chief 
condition  for  the  running  of  generators  in  parallel  is  that  their 
voltages  shall  be  equal,  but  their  current  capacities  may  be 
different. 

For  example:  A  generator  producing  10  amperes  may  be 
connected  to  another  generating  100  amperes,  provided  the 
voltages  agree.  Parallel  working  is  therefore  suited  to  con* 
stant-potential  circuits.  A  generator  to  be  connected  in  parallel 
with  others  or  with  a  storage  battery j,  must  first  be  brought  up 
to  its  proper  speed,  E.  M.  F.,  and  other  working  conditions; 
otherwise  it  will  short-circuit  the  cystom,  and  might  burn  out  its 
armature.  Hence  it  should  not  be  connected  to  a  circuit  in 
parallel  with  others  until  its  voltage  has  been  tested  and  found 
to  be  equal  to,  or  slightly  (not  over  1  or  2  per  cent)  greater  than, 
that  of  the  circuit.  If  the  voltage  of  the  dynamo  is  less  than  that 
of  the  circuit,  the  current  will  flow  back  through  it  and  cause  it 
to  run  as  a  motor.  The  direction  of  rotation  is  the  same,  how- 
ever, if  it  is  shunt- wound;  and  no  great  harm  results  from  a 
slight  difference  of  potential;  but  compound- wound  machines 
require  more  careful  handling. 

Direct-Current  Dynamos  In  Parallel  are  always  Shunt- 
Wound  (or  Compound- Wound).  The  test  for  equal  voltages  may  be 
made  by  first  measuring  the  E.  M.  F.  of  the  circuit  and  then 
of  the  machine  by  one  voltmeter;  or  two  voltmeters,  one  connected 
to  each,  may  be  compared  (Fig.  18);  or  a  differential  voltmeter 
mav  be  used.  Another  method  is  to  connect  the  dynamo  to  the 
circuit  through  a  high  resistance  and  a  galvanometer;  and  when 
the  latter  indicates  no  current,  it  shows  that  the  voltage  of  the 
dynamo  is  equal  to  that' of  the  circuit.  A  rougher  and  simpler 
way  to  do  this  is  to  raise  the  voltage  of  the  dynamo  until  its 
"  pilot-lamp,"  or  other  lamp  fed  by  it,  is  fully  as  bright  as  the 
lamps  on  the  circuit,  and  then  to  connect  the  dynamo  to  the  cir- 
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cuit.  Of  course  the  lamps  compared  should  be  intended  for  the 
same  voltage  and  in  normal  condition.  Be  sure  to  connect  the 
positive  terminal  of  the  dynamo  to  the  positive  conductor,  and 
the  negative  terminal  to  the  negative  conductor  (Fig.  18) ;  other- 
wise there  will  be  a  very  bad  short  circuit. 

"When  the  dynamo  is  first  connected  in  this  way,  it  should 
supply  only  a  small  amount  of  current  to  the  circuit  (as  indicated 
by  its  ammeter) ,  and  its  voltage 
should  then  be  gradually  raised 
until  it  generates  its  proper  share 
of  the  total*  current;  otherwise  it 
will  cause  a  sudden  jump  in  the 
brightness  of  the  lamps  on  the 
circuit. 

Series-Wound  Dynamos  in 
Parallel  Not  Used.  If  the  ma- 
chine is  series-wound,  the  back 
current  just  described  would 
cause  a  reversal  of  field  mag- 
netism and  a  very  bad  short  cir- 
cuit of  double  voltage.     In  fact, 

series  dynamos  in  parallel  are  in  unstable  equilibrium,  because  if 
either  tends  to  generate  too  little  current,  its  own  field,  which  is 
ia  series,  is  weakened,  and  thus  still  further  reduces  its  current  and 
probably  will  reverse  the  machine.  This  arrangement  is  therefore 
not  used.  One  way  in  which  this  difficulty  might  be  overcome  is 
by  causing  each  to  excite  the  other's  field  magnet,  so  that  if  one 
generates  too  much  current,  it  strengthens  the  field  of  the  other 
and  thus  counteracts  its  own  excess  of  power. 

Another  plan  is  to  excite  both  fields  by  one  machine,  or,  bet- 
ter, by  both  machines  jointly,  which  is  accomplished  by  connecting 
together  the  two  +  brushes  and  the  two  -  brushes  respectively,  by 
the  line  and  by  what  is  called  an  equalizer  (Fig.  19).  In  this  way 
the  electrical  pressure  at  the  terminals  of  the  two  armatures  is 
made  the  same,  and  the  currents  in  the  two  fields  are  also  made 
equal.  Series  machines  are  not  often  run  in  parallel,  but  the  prin- 
ciples just  explained  help  the  understanding  of  the  next  case^ 
which  is  very  important. 


Fig.  18. 
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Fig.  19. 


Compound  Dynamos  in  Parallel.  Since  the  field  magnets  of 
these  machines  are  wound  with  series  coils  as  well  as  with  shunt 
coils,  the  coupling  of  them  is  a  combination  of  the  shunt  and 
series  cases  just  described. 

The  manner  of  connecting  two  or  more  compound  dynamos  to 
operate  in  parallel,  is  represented  in  Fig,  20,  A  being  the  armature, 
B  the  series,  and  C  the  shunt-field  coils.     R  is  the  shunt-field 

rheostat;  D  and  F  are  switches 
connecting  the  main  terminals 
of  the  machine  with  the  bus 
bars  6  and  I,  respectively;  and 
E  is  a  switch  to  connect  the 
equalizer  H  with  the  brush  end 
of  the  series  coil  B. 

Assume  that  machine  No.  1 
is  already  in  operation  with  its 
switches  D,  F,  and  E  closed,  and 
that  it  is  desired  to  have  machine  No.  2  thrown  in  circuit.  The 
procedure  is  as  follows: 

Bring  machine  No.  2  up  to  its  rated  speed,  and  adjust  its 
pressure  by  means  of  the  shunt-field  rheostat  until  it  is  a  little 
greater  (about  1  per  cent)  than  the  difference  of  potential  between 
the  bars  G  and  1.  Tliis  fact  may  be  ascertained  by  comparing  two 
voltmeters  connected  to  the  dynamo  and  to  the  bus  bars  respec- 
tively; or  by  means  of  a  single  voltmeter  connected  through  a 
double-throw  switch,  first  to  one  and  then  to  the  other,  which  avoids 
the  error  due  to  a  difference  between  two  instruments.  Another 
plan  is  to  employ  a  differential  voltmeter,  that  is,  one  having  two 
windings  on  the  movable  coil,  so  that  it  indicates  directly  the 
difference  in  voltage  between  the  two  parts  of  the  system. 

After  the  pressure  of  the  inconiing  dynamo  has  been  prop- 
erly  regulated,  the  three  switches  E,  F,  and  D  are  closed  in  the 
order  named.  If  these  points  should  be  closed  simultaneously  by 
means  of  a  triple-pole  switch,  a  considerable  current  might  flow 
through  the  series  field  winding,  tending  to  increase  still  further 
the  voltage  of  this  dynamo,  at  the  same  time  taking  current  away 
from  the  series  coils  of  the  other  machines,  and  thereby  reducing 
their  potential.     The  shifting  of  the  load  thus  produced  might  be  so 
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sudden  and  so  great  as  to  be  objectionable.  This  action,  howevefj^ 
is  not  of  sufficient  importance  to  overbalance  the  many  advantages 
afforded  by  the  use  of  a  switch  in  which  the  three  are  combined 
as  a  triple-pole  switch,  thus  guarding  against  the  possibility  of 
any  accident  due  to  closing  the  wrong  circuit  first. 

After  the  machines  have  been  thrown  in  parallel,  their  volt* 
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Fig.  20. 

ages  should  be  adjusted  by  the  shunt-field  rheostats  so  that  the 
load  is  properly  divided  between  them. 

Compound  dynamos  of  different  size  or  current  capacity  may 
also  be  coupled  as  described,  provided,  of  course,  their  voltages  are 
equal;  and  provided  also  that  the  resistances  of  the  series  field 
coils,  together  with  their  leads  to  the  bus  bar,  are  inversely  pro- 
portional to  the  current  capacities  of  the  several  machines;  that  is, 
if  a  dynamo  produces  twice  as  much  current,  its  series  coil  and 
lead  should  have  half  the  resistance.  It  is  further  necessary  that 
the  two  machines  should  agree  in  their  action,  so  that  a  given  in- 
crease  in  load  will  produce  the  same  effect  upon  their  voltages. 
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If  they  are  not  in  agreement,  they  may  be  adjusted  by  slightly  in- 
creasing the  resistance  of  the  series  coil  of  that  machine  which 
tends  to  take  too  large  a  share  of  the  load.  This  may  be  done  by 
simply  interposing  a  few  extra  feet  of  conductor  of  the  same  cur- 
rent capacity  as  the  series  coil,  between  the  latter  and  the  main 
conductor  or  bus  bar.  The  shunts  which  are  almost  always  used 
to  adjust  the  effect  of  the  series  coils  in  compound  dynamos 
(shown  at  Z  in  machine  No.  1,  Fig.  20),  operate  properly  in  the 
case  of  machines  working  singlyy  but  are  worthless  for  machines 
in  parallel.  The  resistances  of  the  series  coils  themselves  must  be 
adjusted  as  explained  above,  when  two  or  more  compound  ma- 
chines are  run  in  parallel.  The  use  of  iron  for  this  shunt  makes 
the  compounding  effect  in  the  dynamo  more  uniform,  because  its 
resistance,  rising  as  the  current  through  it  increases,  throws  a 
greater  fraction  of  the  current  through  the  series  coils  at  full  load, 
and  compensates  for  the  fact  that  the  field  magnetism,  and  conse- 
quently the  voltage,  does  not  increase  proportionately  with  the  in- 
creasing load  current. 

Shunt-wound  dynamos  run  in  parallel  tend  to  steady  each 
other,  for,  if  one  happens  to  run  too  fast,  it  has  to  do  more  work, 
which  opposes  the  increase  of  speed  ;  and  it  also  takes  part  of  the 
load  off  the  other  machines,  which  makes  them  run  faster,  thus 
producing  equality.  This  mutual  regulation  will  take  care  of  any 
slight  difference  between  machines,  such  as  that  caused  by  the  slip 
of  the  belt,  or  even  small  differences  in  the  governing  action  of  the 
different  engines  that  may  be  driving  them.  Compound-wound 
dynamos  have  very  much  less  mutual  regulation,  owing  to  the 
effect  of  the  series  coil ;  and  it  is  necessary  that  their  speeds,  vol- 
tages, etc.,  should  regulate  much  more  exactly  than  with  simple 
shunt  machines.  They  often  work  badly  together  owing  to  care- 
lessness or  to  imperfect  agreement  between  them,  but  with  proper 
care  and  good  apparatus  they  run  well  in  parallel. 

If  generators  are  located  at  considerable  distances  from  the 
switchboard,  the  equalizing  connection  may  be  run  directly  from 
one  machine  to  the  other  with  the  equalizing  switch  (E,  Fig.  20) 
on  the  frame  of  each,  instead  of  running  to  the  switchboard.  This 
saves  copper,  especially  in  the  case  of  large  generators. 

Alternators  in  Parallel.     To  run  two  alternators  in  parallel, 
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several  conditions  have  to  be  fulfilled  :  The  incoming  machine — 
as  in  the  ease  of  direct-cnrrent  machines — ^mnst  be  brought  np  to 
nearly  the  same  voltage  as  the  first  one;  it  mast  operate  at  ex* 
actly  the  same  frequency ;  and,  at  the  moment  of  switching  in 
parallel,  it  must  be  in  phase  with  the  first  machine.  This  corre* 
spondence  of  frequency  and  phase  is  called  synchronism. 

It  is  impossible  with  mechanical  speed-measuring  instra* 
ments  to  determine  the  speed  as  accurately  as  is  necessary  for  this 
purpose.  There  is,  however,  a  very  simple  method  of  electrically 
determining  small  diflferences  in  speed  or  frequency.  In  Fig.  21, 
let  M  and  N  represent  two  single-phase  alternators,  which  can  be 
connected  by  means  of  the  single-pole  switch  AB  Across  the 
terminals  of  the  switch  is  connected  an  incandescent  lamp  L,  capa« 
ble  of  standing  twice  the  voltage  of  either  machine.  When  AB 
is  open,  the  circuit  between  the 

machines  is  completed  through    n X^tT 

L.  The  two  machines  may  be 
connected  in  parallel  as  follows: 
Assuming  machine  M  already  in 
operation,  bring  up  machine  N  '*^'  " 

to  approximately  the  proper  speed,  and  voltage;  then  watch  lamp  L. 
If  machine  N  is  running  a  very  little  slower  or  faster  than  machine 
M,  the  lamp  L  will  glow  for  one  moment  and  be  dark  the  next.  At 
the  instant  when  the  voltages  are  equal  in  pressure  and  phase,  L 
will  remain  dark;  but  when  the  phas<«  are  displaced  by  half  a 
period,  the  lamp  will  glow  at  its  maximum  brilliancy.  Since  the 
flickering  of  the  lamp  is  dependent  upon  the  difference  in  fre- 
quency, the  machines  should  not  be  thrown  in  parallel  while  this 
flickering  exists.  The  prime  mover  of  the  incoming  machine  must 
be  brought  to  the  proper  speed;  and  the  nearer  machine  N  ap- 
proaches snychronism,  the  slower  the  flickering.  When  it  is  very 
slow,  we  can  use  the  moment  the  lamp  is  dark  to  throw  the  ma- 
chines in  parallel  by  closing  the  switch  across  AB.  The  machines 
are  then  in  phase,  and  tend  to  remain  so,  since  if  one  slows  down 
the  other  will  drive  it  as  a  motor.  It  is  better  to  close  tlie  switch 
when  the  machines  are  approaching  synchronism  than  when  they 
are  receding  from  it,  that  is,  at  the  instant  the  lamp  becomes  dark. 
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This    method  of  synchronizing  is  open  to  the  following  ob- 
jections: 

(a)     The  lamps  may  be  dark  with  considerable  difference  in  voltage. 
For  instance,  a  110-volt  lamp  is  dark  with  a  pressure  of  20  to  25  volts. 
(6)     The  lamp  may  be  dark  owing  to  a  broken  filament. 

It   may  thus  happen,  with   this   arrangement,  that  the  ma- 
chines are  placed   in   parallel 


Fig.  22 


while  there  is   %  considerable 

difference   of   voltage   or  phase 

existing,  and  an  excessive  rush 

of  current  will  result. 

A  method   not   open   to   the 

above  objections  is  shown  in 
Fig.  22.  The  machines  to  be  switched  in  parallel  are  each  con- 
nected  to  the  bus  bars  by  means  of  double-pole  switches.  Two  in- 
candescent  lamps,  of  the  machine  voltage,  are  cross-connected  as 
shown.  If  the  machines  are  in  phase  and  the  voltages  generated 
are  equal  in  value,  the  difference  of  potential  between  A  and 
a  given  point  is  the  same  as  that  between  A'  and  the  same  point; 
likewise  B  and  B'  have  the  same  relative  potential  values.  Hence 
a  lamp  connected  between  A 
and  B'  would  burn  with  the 
same  brilliancy  as  if  it  were 
connected  directly  across  AB; 
likewise  with  the  other  lamp. 
If,  however,  the  machines 
happen  to  be  directly  opposite 
in  phase  but  to  be  generating 
voltage  of  the  same  value,  A 
and  B'  are  of  the  same  relative 
potential  value,  and  B  and 
A'  are  likewise  of  tlie  same  value;  hence  lamps  cross-connected  as 
in  Fig.  22  would  bo  dark.  At  any  other  phase  difference  the 
lamps  will  glow,  but  not  so  brightly  as  when  in  phase.  Hence, 
with  this  arrangement,  the  machines  should  be  thrown  in  parallel 
when  the  lamps  are  on  the  verge  of  maximum  brightness,  a  con- 
dition readily  determined,  but  not  possible  with  the  first  method. 
The  ccijnections  as  shown  in  Figs.  21- and  22  are  not  directly 
applicable  to  high-tension    working,    but   require   the   introduc- 
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tion  of  traasformerB  as  shown  in  Fig.  23,  wbich  is  a  modificatioa 
of  Fig.  22.  The  secODdaries  (of,  eay,  50  volts  each)  shonld  be  cod- 
□ected  in  eerieBwith  each  other  and  to  one  100. volt  lamp.  When 
the  two  machines  are  opposed  in  phase,  the  lamp  is  dim.  If  the 
lamp  flickers  badly,  the  phase  is  not  right;  but  if  the  lamp  is 
steady  at  full  brightness,  the  machines  are  in  phase,  and  they  may 
be  connected  without  disturbing  the  circuit,  by  closing  the  main 
switch. 

If  alternatorB  are  rigidly 
engine,  so  that  they  neeeBsarily 
run  exactly  together,  there  is  no 
need  of  bringing  them  into  step 
each  time,  but  they  should  be 
adjusted  to  the  same  phape  in 
the  first  place. 

The  connections  of  the  synch 


:ted  to  each  other  or  to  the 


Fig.  24. 


ronizing  lamps  of  a  three-phase  system  are  similar  to  those  for  a 
single-phase   system.      For   instance,  thd   method   employed   in 
Fig.  21  may  be  extended,  and  lamps  connected  as  in  Fig.  24.     If 
the  three  lamps  simultaneously  become  dark  or  bright,  the  con- 
nections are  correct,  and  the  three  switches  may  be  closed  at  an 
instant   of  darkness.     It   may  hapj^n,  however,  that  the  lamps 
do  not  become  bright  or  dark  eimiiltaneously  but  successively 
This  indicates  that  the  order  of  connection  of  the  leads  of  one 
machine  does  not  correspond  with  that  of  theother.      In  thtscase, 
transpose  the  leads  of  one  machine  until  the  proper  or  simultane- 
ous action  of  the  lamps  is  obtained.    After  the  machines  have  been 
properly   connected,   It    is  siif- 
ticient  to  synchronize  with  one 
of  the  lamps.     Similarly,  with 
high-tension  syateins,   only  a 
flingto-phase  transformer  is  re- 
quired,  connected  as  shown  in 
f"^— -  -^  Fig.  25. 

,^.     „^  Generators  In  Series.   This 

Pig.  ffi.  . 

arrangement   is    loss   common 

than  parallel  working,  and  does  not  usually  operate  so  well,  ex- 

cept  with  series-wound  machines   on  arc  circuits,  which   is  very 
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successful.  The  conditions  are  exactly  opposite  to  those  in  the 
preceding  group — generators  in  parallel. 

To  connect  machines  in  series,  the  positive  ternainal  of  one 
must  of  course  be  connected  to  the  negative  terminal  of  the  next, 
and  so  on.  Each  must  have  a  current  capacity  equal  to  the  max- 
imum current  on  the  circuit,  but  they  may  differ  to  any  extent  in 
E.  M.  F.  The  voltages  of  machines  in  series  are  added  tofrether: 
and  therefore  danger  to  persons,  insulation,  etc.,  is  increased  in 
proportion. 

Series-Wound  Direct-Current  Dynamos  in  Series  are  con- 
nected in  the  simple  vray  represented  in  Fig.  26;  but,  usually 
machines  connected  in  series  are  for  arc  lighting — for  example, 
when  two  dynamob,  each  of  40  lights  capacity,  are  run  on  one  cir- 
cuit  of  80  lamps,  in  which  case  the  dynamos  usually  hare  some 
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Fig.  26. 

form  of  regulator.  These  regulators  do  not  usually  work  well  to- 
gether, because  they  are  apt  to  "seesaw"  with  each  other.  This 
difficulty  may  be  overcome  either  by  connecting  the  regulators  so 
that  they  work  together,  or  by  setting  one  regulator  to  give  full  E. 
M.  F.  and  letting  the  other  alone  control  the  current.  This  latter 
plan  can  be  followed  only  when  the  variation  in  load  does  not  ex- 
ceed the  power  of  one  machine.  Constant-current  dynamos  hav- 
ing regulators  with  little  inertia  in  the  moving  parts,  and  thus  little 
tendency  to  "overshoot,"  such  as  the  Brush  machine,  can  be  run 
in  series  without  much  trouble. 

Sliunt  or  Compound  Dynamos  in  Series  run  well,  provided 
the  shunt-field  coils  are  connected  together  to  form  one  shunt 
across  both  machines.  If  the  machines  are  compound,  all  of  the 
series  coils  must  be  connected  in  series  with  the  main  circuit. 
Another  plan  is  to  connect  each  shunt  field  so  that  it  is  fed  only 
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by  the  armature  of  the  other  machine  ;  or  both  the  shunt  coils  may 
be  connected  so  as  to  be  fed  by  one  armature,  the  series  coils  being 
in  the  main  circuit  as  before. 

Alternators  in  Series.  The  synchronizing  tendency  which 
makes  it  possible  to  run  alternatofs  in  parallel,  causes  them  to  get 
out  of  step  and  become  opposed  to  each  other  when  it  is  attempted 
to  run  them  in  series.  It  is  therefore  impracticable  to  run  them 
in  series  unless  their  shafts  are  rigidly  connected  so  that  they  must 
run  exactly  in  phase  and  thus  add  their  waves  of  current  instead 
of  counteracting  each  other.     This  case  rarely  occurs. 

Dynamos  on  the  Three- Wire  System  (Direct-Current)*  In 
the  otdi..rjr  .hree-wire  .jafm 


J 


\ 


T 


saor 


1. 


Fig.  27a. 


for  incandescent  lighting  and 
power  service,  no  particular  pre- 
cautions are  required  in  starting 
or  connecting  the  machines;  and 
either  of  the  two  arrangements 
shown  in  Figs.  211a  and  27  J  may 
be  adopted.   The  two  sides  of  the 

system  are  almost  independent  of  each  other,  and  form  practically 
separate  circuits,  for  which  the  middle  or  neutral  wire  acts  as  a 
common  conductor.  There  is,  however,  a  tendency  for  the  dyna- 
mos (Fig.  27a)  to  be  reversed  in 
starting  up,  in  shutting  down,  or 
in  the  case  of  a  severe  short  cir- 
cuit.  This  can  be  avoided  by  ex- 
citing the  field  coils  of  all  the 
dynamos  from  one  side  of  the 
system,  or  from  a  separate  source.  To  obtain  good  regulation,  it  is 
necessary  to  balance  the  load  equally  on  both  sides  of  the  system. 
It  is  advisable  to  employ  220-volt  motors  on  110-volt  8-wire 
systems,  and  to  connect  them  across  the  outside  conductors  so  that 
the  motor  load  shall  not  unbalance  the  system. 

KINDS  OP  MOTORS^  CONNECTIONS*  AND  STARTINQ. 

'^The  general  instructions  relating  to  the  adjustment  of  brushes, 
screws,  belt,  oil-cups,  etc.,  given  in  relation  to  the  generator,  should 
be  carefully  followed  preparatory  to  starting  a  motor.    The  a(!tual 
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starting  of  a  motor  is  usually  a  simple  matter,  since  it  consists 
merely  in  operating  a  switch;  but  in  each  case  there  are  one  or 
more  important  points  to  be  considered 

CONSTANT-POTENTIAL  D.  C.  CIRCUITS. 

5hunt- Wound  Motor.  A  motor  to  operate  at  nearly  constant 
speed,  with  varying  loads,  on  a  D.  C.  constant-potential  system 
(110-  or  220- volt  lighting  circuits)  is  usually  plain  shunt-wound. 
This  is  the  commonest  form  of  stationary  motor.  The  field  coils 
are  wound  with  wire  of  such  a  size  as  to  have  the  proper  resistance 
and  resulting  magnetizing  current;  and  since  the  potential  applied 
is  practically  constant,  the  field  strength  is  constant. 

In  starting  shunt  motors,  no  trouble  is  likely  to  occur  in  con- 
necting  the  field  to  the  circuit.  The  difliculty  is  with  the  armature 
current,  because  the  resistance  of  the  armature  is  very  low  in 
order  to  get  higher  efliciency  and  constancy  of  speed,  and  the  rush 
of  current  through  it  in  starting  might  be  twenty  or  more  times 
the  normal  number  of  amperes.  To  avoid  this  excessive  current, 
motors  are  started  on  constant-potential  circuits  through  a  rheostat 
or  <<  starting-box  "  containing  resistance  coils. 

The  main  wires  are  connected  through  a  branch  cut-out  (with 
safety  fuses),  and  preferably  also  a  double-pole  knife  switch  Q,  to 
the  motor  and  box,  as  indicated  in  Fig.  28.  When  the  switch  Q 
is  closed,  the  arm  8  being  in  its  left-hand  position,  the  field  circuit 
is  closed  through  the  contact  stud  f^  and  the  armature  circuit  is 
closed  through  the  resistance  coils  ear,  a,  a,  which  prevent  the  rush 
of  current  referred  to.  The  motor  then  starts,  and  as  the  speed 
rises  it  generates  a  counter  E.  M.  F.,  so  that  the  arm  S  can  be 
turned  as  shown  until  all  the  resistance-coils  ^,  a,  a,  are  cut  out,  and 
the  motor  is  directly  connected  to  the  circuit  and  running  at  full 
speed.  The  arm  B  should  be  turned  slowly  enough  to  allow  the 
speed  and  counter  E.  M.  F.  to  come  up  as  the  resistances  at,  a^  a 
are  cut  out.  The  ar?u  S  should  positively  close  the  field  circuit 
first,  so  that  the  magnetism  reaches  its  full  strength  (which  may 
take  several  seconds)  before  the  armature  is  connected. 

In  the  arrangement  shown  in  Fig.. 28  the  release  magnet  has 
its  coils  in  series  with  the  field.  As  long  as  the  motor  is  in 
operation,  the  core  is  energized  and  the  arm  S  is  held  in  the  posi- 
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tion  shown.  If,  however,  the  current  supplied  to  the  motor  is 
cut  off  and  the  motor  comes  to  rest,  the  core  of  the  magnet  loses 
its  attractive  force,  and  the  arm  S  is  released,  being  automatically 
moved  back  to  the  starting  position  by  a  spring. 

Tlie  coils  cr,  AT,  a  are  made  of  comparatively  fine  wire,  which 
can  carry  the  current  only  for  a  few  seconds  in  a  "  star  ting- box;" 


/^/ease  ma^rtef 


Armafure 


Pig.  28. 


but  if  the  wire  is  large  enough  to  carry  the  full  current  continu- 
ously, it  is  called  a  "  regulator,"  because  the  arm  S  may  be  left  so 
that  some  of  the  resistances  a,  a^  a  remain  in  circuit,  and  they  will 
have  the  effect  of  reducing  the  speed  of  the  motor,  which  is  often 
very  desirable. 

In  some  cases  where  a  circuit  is  used  exclusively  for  a  single 
motor,  the  speed  is  regulated  without  heavy  resistances  by  varying 


167 


42    MANAGEMENT  OF  DYNAMO- ELECTRIC  MACHINERY 

the  E.  M.  F.  of  the  dynamo  which  supplies  the  circuit.  Tha 
dynamo  regulator  is  then  placed  near  the  motor.  The  advantage 
is  that  the  regulator  is  not  compelled  to  control  a  heavy  current, 
but  a  special  circuit  of  unvaried  pressure  must  be  provided  to  keep 
the  field  of  the  motor  constant. 

The  speed  control  of  a  shunt  motor  may  be  simply  obtained 
as  follows: 

a.  For  lower  apeeda,  insert  resiatanca  in  eeriea  with  the  armature 
circuit.  The  resulting  I.  B.  tlrop  reduces  the  value  of  the  voltage  applied  to 
the  armature  termiualB,  and  tliua  reduces  the  apeed. 

b.  For  higher  apeeds,  inaert  resiatance  in  the  sliunt-field  circuit.  This 
reduces  the  magnetic  flux,  and  to  geuerate  the  aame  C.  E.  M.  F.  the  motor 
must  speed  up. 


Fig.  29. 

The  field  circuit  oE  a  shunt  motor  should  never  be  opened 
while  pressure  is  still  applied  to  the  armature  terminals,  as  under 
these  conditions  the  armature  current  becomes  very  excessive  and 
the  armature  is  likely  to  race  and  probably  be  damaged.  A  mod- 
erate decrease  in  field  strength  only  is  allowable  ;  otherwise  spark- 
ing becomes  excessive. 

Series-Wound  Motor,  The  ordinary  electric  railway  motor 
on  the  660-volt  trolley  system  is  the  chief  example  of  the  class 
(Fig.  29.)    Motors  for  fans,  pamps,  or  electric  elevators  and  hoists 
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are  either  of  this  kind  or  of  the  compound  type.  A  rush  of  cur- 
rent  tends  to  occur  when  the  series  type  of  motor  is  started,  similar 
to  that  in  the  case  just  described  ;  but  it  is  less,  because  the  field- 
coils  are  in  series,  so  that  their  resistance  and  self  induction  reduce 
the  excess.  Furthermore,  the  counter  E.  M.  F.  is  greater  even  at 
low  speed  because  the  heavy  current  produces  a  strong  field. 

The  connections  as  indicated  in  Fig.  30  are  very  simple,  the 
armature,  field-coils,  and  rheostat  all  being  in  series  and  carrying 
the  same  current. 

The  series-wound  motor  on  a  constant-potential  circuit  does 
not  have  a  constant  field  strength,  and  does  not  tend  to  run  at  con - 
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Fig.  30. 


stant  speed, like  a  shunt  motor.  In  fact  it  may  "race "and  tear 
itself  apart  if  the  load  is  taken  off  entirely;  it  is  therefore  suited 
only  to  railway,  pump,  fan,  or  other  work  where  variable  speed  is 
desired,  or  where  there  is  no  danger  of  the  load  being  removed  or 
a  belt  slipping  off.  It  is  also  used  where  the  potential  is  subject 
to  sudden  and  large  drops,  as  on  the  ends  of  long  trolley  circuits, 
because  in  such  a  case  a  shunt  motor  becomes  momentarily  a  gen- 
erator and  sparks  very  badly.  The  fields  of  series  motors  are 
sometimes  "  overwound,"  that  is,  so  wound  that  they  will  have 
their  full  strength  with  even  one-half  or  one-third  of  the  normal 
current.  The  objects  are  to  secure  a  nearly  constant  speed  with 
varying  loads,  to  enable  the  motor  to  run  at  high  efiiciency  when 
drawing  small  currents,  and  to  prevent  sparking  at  heavy  loads. 

In  mnltipolar  motors  having  more  than  two  field-coils,  the 
coils  are  all  connected  together,  and  are  equivalent  to  the  single 
pairs  of  coils  shown  in  the  several  diagrams.     Being  separated, 
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'  however,  it  ia  sometimea  neceeaary  to  trace  out  the  conoectioni. 
Fig.  31  represents  the  necessary  connections  for  a  fonr-pole  motor, 
sliant- wound  and  Beriee-wonnd. 

Dlfferenttally-Wound  Motor.  This  is  a  shnnt-'woiind  motor 
with  the  addition  of  a  coil  of  large  wire,  on  the  field,  connected  in 
aeries  with  the  armature  in  eueh  a  way  as  to  oppose  the  magne- 
tizing effect  of  the  shunt  winding  and  weaken  the  field,  thus 
causing  the  motor  to  speed  np  when  the  load  is  increased,  as  an 
ofFset  to  the  slowing-down  effect  of  load. 

It  was  formerly  used,  for  obtaining  very  constant  speed,  but 
it  has  been  found  that  a  plain  shunt  motor  is  sufficiently  conatant 
for  almost  alt  cases.    The  differential  motor,  if  overloaded,  has 


Bhnnt-woiuid  Motor.  _  aariea-woimd  Motor. 

Fig.  31. 

the  great  diaadvantage  that  the  current  in  the  opposing  (series) 
field-coil  becomea  eo  great  aa  to  Icitl  the  field  magnetism;  and 
instead  of  increasing  or  keeping  up  its  speed,  the  armature  slows 
down  or  stops,  and  is  likely  to  burn  out;  whereas  a  plain  shunt 
motor  oan  increase  its  power  greatly  for  a  minute  or  so  when  orer< 
loaded,  and  will  probably  throw  off  the  belt  or  carry  the  load  until 
the  latter  deoreasea  to  the  normal  amount. 

Compound-Wound  riotor.  This  type  of  motor  la  alao  pro- 
vided with  a  shunt  and  a  series-field  winding,  Fig.  82,  but  in  this 
instance  they  magnetize  the  field  in  the  same  direction,  or,  in  other 
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words,  their  effect  is  cumulative.  This  type  of  motor  possesses 
the  powerful  starting  torque  feature  of  the  series  motor,  but  a  less 
variable  speed  with  varying  loads.  It  is  employed  where  a  great 
starting  torque  and  a  fairly  uniform  running  speed  are  required,  as, 
for  example,  with  electric  hoists  or  elevators. 

Dynamotors,  Fig.  33,  and  also  motor-generator  sets,  are 
started  in  the  same  way  as  motors  ;  that  is,  the  motor  portion  of 
the  machine  is  connected  to  the  circuit  and  operated  precisely  like 
the  corresponding  kind  of  motor.  Usually  the  motor  part  is  plain 
shunt- wound,  and  is  supplied  with  current  from  a  constant-poten- 
tial circuit.  It  is  therefore  connected  and  started  in  the  manner 
shown  and  described  on  page  40. 

The  current  generated  by  the  dynamo  portion  of  the  dyna- 
motor  may  be  taken  from  the  terminals,  and  used  for  any  purpose 
to  which  it  is  suited.  The  E.  M.  F.  or  current  produced  may  be 
regulated  by  varying  the  resistance  in  the  armature  circuit  of 
either  the  motor  or  dynamo.  In  case  the  dynamo  armature  has  a 
separate  field  magnet,  the  E.  M.  F.  and  current  may  be  controlled 
by  regulating  the  magnetic  strength  of  this  field,  or  the  machine 
may  be  compounded  or  even  "  over-compounded."  But  if  the 
armatures  of  both  motor  and  dynamo  are  acted  upon  by  the  same 
field,  the  E.  M.  F.  of  the  dynamo  cannot  be  varied  except  by 
inserting  resistances  in  the  circuit  of  either  armature  or  by  shift- 
ing the  brushes.  But  the  latter  method  will  be  likely  to  cause 
sparking. 

ALTERNATINQ-CURRENT  MOTORS. 

Alternating-current  motors  operate  on  constant-potential  cir- 
cuits, since  almost  all  A.  C.  systems  are  of  this  kind.  There  are 
several  types  of  these  motors,  the  simplest  of  which  is  the  aeries 
mdchine  for  single-phase  current.  This  is  similar  to  the  cor- 
responding D,  C.  motor,  except  that  its  field  must  be  laminated- 
It  possesses  the  characteristic  of  large  starting  torque  and  lends 
itself  to  variable  speed  control  like  its  direct  current  counterpart 
and  is  coming  into  use  very  rapidly  for  electric  railway  work. 
Both  the  General  Electric  and  the  Westinghouse  Electric  and 
Manufacturing  Companies  have  placed  such  machines  upon  the 
market  and  they  are  already  in  operation  on  a  number  of  electrio 
roads  where  they  are  giving  fliiUfilaction. 
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Tills  type  of  motor  while  retaining  practically  all  the  advan. 
tages  of  the  direct-current  series  motor  for  electric  railway  work 
permits  the  use  of  alternating  current  on  the  trolley  with  all  its 
attendant  advantages.  A  frequency  of  25  seems  likely  to  become 
the  standard  for  such  work.    The  cars  can  be  operated  on  existing 


Fig.  34. 

direct-current  lines  and  tb3  multiple  unit  control  system  can  be 
applied  to  cars  equipped  with  single-phase  motors. 

An  ordinary  single-phase  alternator  can  be  used  as  a  motor; 
but  it  must  first  be  brought  up  to  synchronism  with  the  supply 
generator  by  means  of  some  auxiliary  starting  device  (steam  engine, 
polyphase  induction  motor,  etc.)  before  the  load  can  be  applied. 
In  this  form  the  machine  is  known  as  the  single-phase  synchron- 
ous motor.  The  condition  of  synchronism  is  determined  by  one 
of  the  methods  described  in  the  paragraph  on  "Alternators  in 
Parallel."  After  the  motor  is  in  synchronism  it  may  be  connected 
to  the  circuit  by  closing  its  supply  switch;  and  it  will  then  con- 
tinue to  run  at  an  absolutely  constant  speed,  unless  heavily  over- 
loaded,  when  it  falls  out  of  step  and  stops. 

On  account  of  these  features,  the  synchronous  motor  is  not  to 
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l)e  recommended  for  {reiierai  ajiplication.     Viirious  manufacturers, 
notably  the  M'^aijner  Klwtric  Onnpany,  and  tlie  Fort  Wayne  Elec- 
trie  Company,  inanufactnre  self-startint^,  sin<fle-plmae  synelironous 
motora,  usually  limited,  however,  to  the  smaller  sizes.     The  con- 
Btruotion  and  action  of  the  Fort  Wayne  motor  (Fig.  34),  which  is  a 
combination  of  the   two   preceding  types,  are  aa  follows:      The  ■ 
armature  core  ja  provided  with  a  double  winding,  one  equipped 
with  collecting  rings,  and  the  other  with  an  ordinary  commutator. 
The  field  magnet,  which  is  laminated,  is  wound  with  two  separate 
circuits,  one  being   of  low   resistance   and   a  small    number   of 
turns,  the  other  of  high  resistance  and  many  turns,  like  an  ordi- 
nary   shunt-field    winding.      In    starting,    the   motor  runs   as   a 
series  machine,    the  low-resist- 
ance  field  being  in  series  witli  the 
commutated  armature  winding 
and   the  line.     When   it   has 
reached  synchronism,  the  switch 
A,  on  tlie  top,  )s  thrown  over  to 
the  right,  and   the  supply  line 
connected    with    the  collector 
rings  and  the  corresponding  ar- 
mature winding;  while  the  com- 
.,.     „  mutated  end  is  connected  to  the 

other   field    winding,   and  thus 
provides  the  direct  current  necessary  for  field  excitation. 

In  addition  to  the  single- jihase  there  is  also  tlie^f/y^/c/w  Kijtt- 
chrourniit  wtiii:  This  latter  form,  however,  is  self -starting  without 
field  current,  but  will  not  carry  a  load  until  it  ia  running  in  syn- 
chronism. Wlien  this  condition  is  reached,  the  field  circuit  should 
he  closed  Itefore  applying  the  load. 

A  great  advantage  of  tlie  synehronoua  motor  is  that  when  its 
field  is  over-excited,  it  draws  a  leading  current  from  the  line,  thus 
acting  like  a  comlenser  and  tending  to  neutralize  the  inductire 
effect  of  other  machinery,  so  that  the  power  factor  of  the  whole 
system  is  raised.  The  most  extensive  use  of  the  synchronous  motor 
is  as  a  part  of  the  rotary  converter,  which  ia  employed  to  convert 
alternating  into  direct  currents,  for  traction  and  electro-chemical 
purpoaea. 
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The  satisfactory  uae  of  alternating  currents  for  power  purposes 
depends  mainly  on  the  polyphase  induction  motor,  a,a  in  this  form 
the  A.  C.  motor  is  self-starting  with  considerable  torque  and  oper- 
ates at  8  practically  constant  speed  from  no  load  to  a  heavy  over- 
load. Induction  motors  are  designed  for  the  standard  voltages 
and  frequencies. 

In  most  induction  motors  now  built,  the  primary,  or  part  into 
which  the  currents  from  the  line  are  led,  is  the  stationary  member, 
OT  stator.  The  secondary,  in  which  the  induced  currents  are  set 
up,  is  the  rotating  member,  or  rotor.     There  are  two  kinds  of  rotor 


windinfja,  the  BinlpIl^r  being  that  known  aa  tiie  "sqiiirrwi-citgo. " 
This  winding  is  made  up  of  a  number  of  co]>[)er  biirs,  equally 
spaced  around  the  rotor  core,  and  imboddt^d  tht^iein.  The  tt^rniin- 
als  of  these  inductors  are  interconne<;tefI,  or  short. circuitt«i,  by 
means  of  heavy  copper  rings  placed  at  both  ends  of  the  core,  as 
shown  in  Fig.  85. 

The  other  form  of  winding  is  of  the  drum  species,  usually 
three-phase,  Y-connected;  and  the  coils  are  located  at  ISC  inter- 
vals (the  arc  between  centers  of  adjacent  poles  being  called  180') 
with  respect  to  each  other.  The  free  ends  of  the  windings  are 
respectively  brought  out  to  three  slip  or  collecting  ringa  ;  and  on 
this  account  this  type  of  rotor  Is  frequently  called  tlio  "slip-ring" 
rotor  (Fig.  30). 

Startlns  Induction  Motors.  In  small  sizes,  up  to  3  or  5  II. 
P.,  the  induction  motor  can  bo  started  by  connecting  its  stator 
terminals  directly  to  the  line.     But  with  larger  sizes  the  inrush 
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of  current  is  excessive  and  likely  to  disturb  the  system  ;  accord- 
ingly some  form  of  starting  device  is  usually  necessary.* 

Startins:  Compensators.  This  inrush  of  current  can  be 
avoided  by  inserting  a  starting  resistance,  or  inductance,  in  series 
with  the  primary  winding  and  the  line,  or  by  using  some  other 
means  of  cutting  down  the  applied  E.  M.  F.  The  torque  of  an 
induction  motor  decreases  as  the  square  of  the  applied  voltage,  so 
that  this  method  of  starting  results  in  a  greatly  reduced  starting 
^  effort.  However,  in  many  instances,  motors  are  not  started  up 
*  under  full  load,  so  that  this  may  not  be  a  serious  objection. 

While  a  resistance  could  be  employed  as  described,  it  is  more 
economical  to  employ  an  auto-transformer  (that  is,  a  transformer 


Mains 


%=%    ll])=ffl    IMIll 


I 


E 


i 


h 


Fig.  37. 

having  but  one  coil,  which  serves  as  both  a  primary  and  a  second- 
ary), or  cowpenaator^  as  it  is  called  when  used  for  this  purpose 
Compensator  connections  for  a  three-phase  motor  are  represented 
in  Fig.  37.  The  compensator  consists  of  coils  a,  5,  and  ^,  wound 
on  a  laminated-iron  core,  each  coil  being  provided  with  a  number 
of  taps,  1,  2,  3,  etc.  The  pressure  applied  to  the  motor  at  start- 
ing is  proportioned  to  the  amount  of  each  coil  included  in  the  cir- 
cuit. "WTiile  the  compensator  winding  is  provided  with  taps,  only 
that  one  which  is  most  suitable  for  the  work  is  used  after  the 
equipment  is  permanently  installed.     "When  the  switch  is  in  the 

*  This  inrush  of  current  is  frequently  three  times  the  rated  load  current. 
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lower  position  as  indicated,  a  part  of  each  coil  is  in  series  with 
each  leg  of  the  system  leading  to  the  motor ;  and  the  applied  volt- 
age is  correspondingly  cut  down.  After  the  motor  reaches  its  rated 
speed,  the  switch  is  thrown  to  the  upper  or  running  position,  and 
the  stator  or  primary  terminals  are  connected  direc'tly  to  the  line. 
The  compensator  thus  prevents  an  excessive  inrush  of  current,  and 
gives  the  motor  a  smooth  start,  although  it  decreases  the  starting 
torque,  compared  with  that  due  to  full  line  pressure. 

Speed  Regulation  of  Induction  Motors.  For  some  classes 
of  work,  it  is  desirable  to  have  induction  motors  arranged  so  that 
their  speed  can  be  controlled,  the  usual  methods  being  : 

a.    The  insertion  of  a  variable  resistance  in  the  rotor  circuit. 

J).    Cutting  down  the  voltage  applied  to  the  stator,  as  just  described. 
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Fig.  38. 

The  more  satisfactory  method  of  speed  control,  is  that  with 
variable  resistance  inserted  in  the  rotor  circuit,  the  power-factor 
and  hence  the  efficiency  of  the  system  being  greater  at  reduced 
speeds  than  with  the  compensator  or  equivalent  device.  It 
requires,  however,  the  use  of  collector  rings,  connecting  brushes, 
and  leads,  since  a  resistance  for  continuous  service  is  too  bulky  to 
be  placed  within  the  machine.  Still  further,  the  heat  developed  in 
the  resistance  would  heat  the  machine  too  much.  The  controller 
itself  looks  like  an  ordinary  trolley  car  controller,  but  for  simplicity 
it  is  represented  as  a  three-armed  controller  (Fig.  38)  in  which  the 
arms  a,  &,  and  c  are  in  electrical  contact  ubder  the  handle.  The 
resistance  is  provided  in  three  sets,  one  for  each  free  end  of  the 
rotor  winding;  and  each  set  is  subdivided  so  that  it  can  be  grad- 
ually cut  out  of  circuit  as  the  motor  speed  increases.  Frequently 
the  controller  is  so  arranged  that  the  first  motion  of  the  handle 
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closes  the  supply  lines,  and  subsequent  motions  vary  the  resist- 
ances in  the  rotor  circuit,  thus  performing  the  function  of  a 
supply  switch  and  speed  controUer. 

Another  method  of  speed  control,  is  to  have  the  winding  on 
the  stator  arranged  so  that  by  means  of  a  suitable  controlling 
switch,  the  number  of  poles  can  be  changed.  This  is  a  very 
economical  method  from  the  electrical  standpoint,  and  gives  a  very 
wide  range  of  control,  but,  on  account  of  its  complexity  and  cost, 
is  used  only  to  a  limited  extent. 

In  general,  the  induction  motor  does  not  allow  of  the  same 
range  of  speed  control  as  does  the  direct-current  motor,  and  the 
methods  employed  for  this  purpose  are  not  efficient. 

Single-Phase  Induction 
Motor.  A  two  or  three-phase 
induction  motor  will  operate 
fairly  well,  if,  after  reaching 
full  speed,  all  but  one  of  the 
phases  be  cut  out.  It  will  not 
B  however  start  from  rest  under 
the  influence  of  single-phase 
excitation.  Hence,  to  start 
an  induction  motor  from  the 
lines  of  a  single-phase  sys- 
tiMii,  currents  differing  in 
phase  must  be  obtained.  This  is  accomplished  by  connecting  the 
two  primary  windings  A  and  B  (in  the  case  of  a  two-phase  motor) 
in  parallel  to  the  single-phase  mains,  at  the  same  time  connecting 
in  series  with  one  winding  a  resistance  li  (Fig.  39).  The  cur- 
rents flowing  through  these  two  windings  will  then  differ  in 
phase,  one  leading  the  other  on  account  of  a  difference  in  their 
constants,  and  will  thus  produce  a  rotating  field,  and  the  motor 
will  then  start  up!*  When  the  motor  has  reached  full  speed, 
one  ])liase  may  be  cut  out  by  opening  the  switch  at  S,  and  the 
machine  will  carry  its  load.  The  resistance  li  may  be  replaced 
to  advantage  by  a  condenser,  especially  on  small  machines.  Such 
a  machine  is  commonly  called  a  "  split-phase  "  motor. 

*  This  field  is  not  a  rotary  field  in  the  full  sense,  being  elliptical  in 
character. 
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DIRECTIONS  FOR  RUNNING  GENERATORS  AND  MOTORS. 

After  any  one  of  these  machines  has  been  properly  started,  it 
usually  requires  little  attention  while  running;  in  fact,  generators 
or  motors  frequently  operate  all  day  without  any  care  whatever. 

In  the  case  of  a  machine  that  has  not  been  run  before  or  has 
been  changed  in  any  way,  it  is  wise  to  watch  it  closely  at  first.  It 
is  also  well  to  give  the  bearings  of  a  new  machine  plenty  of  oil  at 
first,  but  not  enough  to  run  on  the  armature,  commutator,  or  any 
part  that  would  be  injured  by  it;  and  to  run  the  belt  (if  used) 
rather  slack  until  the  bearings  and  belt  are  in  easy  working  condi- 
tion. 

If  possible,  a  new  machine  should  be  run  without  load  or 
with  a  light  one  for  an  hour  or  two,  or  for  several  hours  in  case  of  a 
large  machine;  a*nd  it  is  bad  practice  to  start  a  new  machine  with 
its  full  load  or  even  a  large  fraction  of  it.  This  is  true  even  if  the 
machine  has  been  fully  tested  by  its  manufacturer  and  is  in  perfect 
condition,  because  there  may  be  some  fault  in  setting  it  up  or  some 
Other  circumstance  that  would  cause  trouble.  All  machinery  re- 
quires some  adjustment  and  care  for  a  certain  time  to  get  it  into 
smooth  working  order. 

When  this  condition  is  reached  the  only  attention  required  is 
to  supply  oil  when  needed,  keep  the  machine  clean,  and  see  that  it 
is  not  overloaded.  A  generator  requires  that  its  voltage  or  current 
should  be  observed  and  regulated  if  it  varies.  The  attendant  should 
always  be  ready  and  sure  to  detect  the  beginning  of  any  trouble, 
such  as  sparking,  heating,  noise,  abnormally  high  or  low  speed, 
etc.,  before  any  injury  is  caused,  and  to  overcome  it.  Such  direc- 
tions should  be  pretty  thoroughly  committed  to  memory  in  order 
promptly  to  detect  and  remedy  any  trouble  when  it  occurs  sud- 
denly, as  is  usually  the  case.  If  possible,  the  machine  should  be 
shut  down  instantly  when  any  indication  of  trouble  appears,  in 
order  to  avoid  injury  and  give  time  for  examination. 

Keep  all  tools  or  pieces  of  iron  or  steel  away  from  the  ma- 
chine while  running,  as  they  might  be  drawn  in  by  the  magnetism, 
perhaps  getting  between  the  armature  and  pole  pieces  and  ruining 
the  machine.  For  this  reason  use  a  zinc,  brass,  or  copper  oil-can 
instead  of  one  of  iron  or  "tin"  (tinned  iron) 
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Particular  attention  and  care  should  be  given  to  the  commu- 
tator and  brushes,  to  see  that  the  former  keeps  perfectly  smooth 
and  that  the  latter  are  in  proper  adjustment.     (See  "Sparking.") 

Never  lift  a  brush  while  the  machine  is  delivering  current 
unless  there  are  one  or  more  other  brushes  on  the  same  side  to  carry 
the  current,  as  the  spark  might  make  a  bad  burnt  spot  on  the  com- 
mutator,  or  might  burn  the  hand. 

Touch  the  bearings  and  field  coils  occasionally  to  see  whether 
or  not  they  are  hot.  To  determine  whether  the  armature  is  run- 
ning hot,  place  the  hand  in  the  current  of  air  thrown  out  from  it 
by  centrifugal  force. 

Special  care  should  be  observed  by  any  one  who  runs  a  gen 
erator  or  motor,  to  avoid  overloading  it,  because  this  is  the  cause 
of  most  of  the  troubles  which  occur. 

Personal  Safety.  Never  allow  the  body  to  form  part  of  a 
circuit.  While  handling  a  conductor,  a  second  contact  may  be 
made  accidentally  through  the  feet,  hands,  knees,  or  other  part  of 
the  body,  in  some  peculiar  and  unexpected  manner.  For  example, 
men  have  been  killed  because  they  touched  a  "live"  wire  while 
standing  or  sitting  upon  a  conducting  body. 

Rubber  gloves  or  rubber  shoes,  or  both,  should  be  used  in 
handling  circuits  of  over  500  volts.*  The  safest  plan  is  not  to 
touch  any  conductor  while  the  current  is  on;  and  it  should  be  re- 
membered that  the  current  may  be  present  when  not  expected, 
owing  to  an  accidental  contact  with  some  other  wire  or  to  a  change 
of  connections.  Tools  with  insulated  handles,  or  a  dry  stick  of 
wood,  should  be  used  instead  of  the  bare  hand. 

The  rule  to  use  only  one  hand  when  handling  dangerous  elec- 
trical conductors  or  apparatus  is  a  very  good  one,  because  it  avoids 
the  chance,  which  is  very  great,  of  making  contacts  with  both 
hands  and  getting  the  current  through  the  body.  This  rule  is 
often  made  still  more  definite  by  saying,  "Keep  one  hand  in 
your  pocket,"  in  order  to  make  sure  not  to  use  it.  The  above  pre- 
cautions are  often  totally  disregarded,  particularly  by  those  who 
have  become  careless  through  familiarity  with  dangerous  currents. 
The  result  has  been  that  almost  all  persons  accidentally  killed 

*  These  articles  should  be  subjected  to  tests  at  frequent  intervals,  PO 
as  to  determine  their  condition. 
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Jy  artificial  electydcity  have  been  experienced  linemen  or  statiAm 
men. 

Stoppins:  Generators  or  Motors*  This  is  accomplished  by 
following  substantially  the  same  directions  as  for  starting  them, 
but  in  the  reverse  order. 

A  generator  operating  alone  on  a  circuit  can  be  slowed  down 
and  stopped  without  touching  the  switches,  brushes,  etc.,  in  which 
case  the  current  gradually  decreases  to  zero;  and  then  the  con- 
nections can  be  opened  without  sparking  or  any  other  difficulty. 

However,  when  a  generator  is  operating  in  parallel  with 
others,  or  with  a  storage  battery,  it  must  not  be  stopped  or  reduced 
in  speed,  until  it  is  entirely  disconnected  from  the  system,  other, 
wise  it  will  act  as  a  short  circuit.  Furthermore,  the  current 
generated  by  it  should  be  reduced  nearly  to  zero  before  its  switch 
is  opened.  This  is  accomplished  by  adjusting  the  field  rheostat  of 
the  machine  to  be  cut  out,  great  care  being  taken  that  the  change 
is  gradual.  If  the  reduction  be  rapid,  the  voltage  of  the  machine 
may  drop  so  low  as  to  cause  a  back  current  to  flow. 

A  constant-current  generator  may  be  cut  into  or  out  of 
circuit  in  series  with  others,  and  can  be  slowed  down  or  stopped; 
or  its  armature  or  field  coils  may  be  short-circuited  to  prevent  the 
action  of  the  machine,  without  disconnecting  it  from  the  circuit- 
It  is  ahsohitely  necessary^  however^  to  preserve  the  continuity  of 
the  circuity  and  not  to  attempt  to  open  it  at  any  point,  as  this  would 
produce  a  dangerous  arc.  Hence  a  by-path  must  be  provided  by 
closing  the  main  circuit  around  the  generator,  before  disconnect- 
ing it.  This  same  rule  applies  to  any  lamp,  motor,  or  other  device 
on  a  constant-current  system. 

Never,  except  in  an  emergency,  should  any  circuit  be  opened 
when  heavily  loaded,  for  the  reason  that  the  flash  at  the  contact 
points,  discharge  of  magnetism,  and  mechanical  shock  which  result, 
are  decidedly  objectionable. 

A  Constant-Potential  ilotor  is  stopped  by  turning  the  start- 
ing-box handle  back  to  the  position  it  had  before  starting  (Fig.  28); 
or y  if  there  is  a  switch  Q^  connecting  the  motor  to  the  circuity 
as  there  always  should  be,  it  should  be  opened,  after  which  the 
starting- box  handle  is  moved  back  to  be  ready  for  starting  again. 
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Immediately  after  a  machine  is  stopped,  it  should  be  thor- 
oughly cleaned,  and  put  in  condition  for  the  next  run.  When  not 
in  use,  machines  should,  when  feasible,  be  protected  from  dirt  and 
moisture  by  covers  of  some  waterproof  material. 

INSPECTINQ  AND  TESTING. 

Adjustment  and  the  other  points  which  depend  merely  upon 
mechanical  construction,  are  hardly  capable  of  being  investigated  by 
a  regular  quantitative  test,  but  they  can  and  should  be  determined 
by  thorough  inspection.  In  fact  a  very  careful  examination  of  all 
parts  of  a  machine  should  always  precede  any  test  of  it.  This 
should  be  done  for  two  reasons:  first,  to  get  the  machine  into 
proper  condition  for  a  fair  test;  and,  second,  to  determine  whether 
the  materials  and  workmanship  are  of  the  best  quality  and  satis- 
factory in  every  respect.  A  loose  screw  or  connection  might  inter- 
fere with  a  good  test;  and  a  poorly  fitting  bearing,  brush-holder,  or 
other  part  might  show  that  the  machine  was  badly  made. 

If  it  is  necessary  to  take  the  machine  apart  for  cleaning  or  in- 
spection, the  greatest  care  should  be  exercised  in  marking,  number- 
ing, and  placing  the  parts,  in  order  to  be  sure  to  get  them  together 
exactly  the  same  as  before.  In  taking  a  machine  apart  or  putting 
it  together,  only  the  minimum  force  should  be  used.  Much  force 
usually  means  that  something  wrong  is  being  done.  A  wooden  or  raw- 
hide mallet  is  preferable  to  an  iron  hammer,  since  it  does  not  bruise 
or  mar  the  parts.  Usually  screws,  nuts,  and  other  parts  should 
be  set  up  fairly  tight,  but  not  tight  enough  to  run  any  risk  of 
breaking  or  straining  anything.  Shaking  or  trying  each  screw  or 
other  part  with  a  wrench  or  screw-driver,  will  show  whether  any  of 
them  are  too  loose  or  otherwise  out  of  adjustment. 

Friction.  The  friction  of  the  bearingrs  and  brushes  can  be 
tested  roughly  by  merely  revolving  the  armature  by  hand,  or 
slowly  by  power,  and  noting  if  it  requires  more  than  the  normal 
amount  of  force.  Excessive  friction  is  quite  easily  distinguished, 
even  by  inexperienced  persons.  Another  method  is  to  revolve  the 
armature  by  hand  or  otherwise,  and  see  if  it  continues  to  revolve 
by  itself  freely  for  some  time.  A  well-made  machine  in  good  con- 
dition and  running  at  or  near  full  speed,  will  continue  to  run  for 
several  minutes  after  the  turning  force  is  removed. 
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A  metliod  for  actually  measuring  the  friction  consists  in  at- 
tacliing  a  lever  (a  bar  of  wood,  for  example)  to  the  shaft  or  pulley 
at  right  angles  to  it.  Tlie  force  required  to  overcome  the  friction 
and  to  turn  the  armature  without  current,  is  then  determined  by 
known  weights  or,  more  conveniently,  by  an  ordinary  spring 
balance.  For  convenience  in  dividing  by  the  length  of  the  lever, 
etc.,  to  determine  the  value  of  the  friction  compared  with  the  power 
of  the  machine,  it  should  be  exactly  1,  2,  or  4  feet  long.  The 
friction  of  the  bearings  alone — that  is,  the  pull  which  is  required 
to  turn  the  armature  when  the  brushes  are  lifted  off  the  commu- 
tator— should  not  exceed  about  2  per  cent  of  the  total  torque  or 
turning  force  of  the  machine  at  full  load.  When  the  brushes 
are  in  contact  with  the  commutator  with  the  usual  pressure,  the 
friction  should  not  then  exceed  about  3  per  cent;  that  is,  the 
brushes  themselves  should  not  consume  more  than  1  per  cent  of 
the  total  turning  force. 

Another  method  of  measuring  the  friction  of  a  machine  is  to 
run  it  by  another  machine  used  as  a  motor,  and  determine  the 
volts  and  amperes  required,  first,  with  brushes  lifted  off,  and  second? 
with  brushes  on  the  commutator  with  the  usual  pressure.  The 
torque  or  force  exerted  by  tlie  driving  machine  is  afterwards 
measured  by  a  Prony  brake  in  the  manner  described  hereafter  for 
testing  torque,  care  being  taken  to  make  the  Prony  brake  meas- 
urements at  exactly  the  same  volts  and  amperes  as  were  required 
in  the  friction  tests.  In  this  way  the  torques  exerted  by  the  driv- 
ing machine  to  overcome  friction  in  each  of  the  first  two  tests  are 
determined;  and  these  torques,  compared  with  the  total  torque  of 
the  machine  being  tested,  should  give  percentages  not  exceeding 
those  stated  above  for  maximum  values  of  friction.  The  maornetic 
])ull  of  the  field  on  the  armature  may  be  very  great  if  the  latter  is 
not  exactly  in  the  center  of  the  space  between  the  pole  pieces. 
This  would  have  the  effect  of  increasinof  the  friction  of  the  shaft 
in  the  bearings  when  the  field  is  magnetized.  It  occurs  to  a  cer- 
tain extent  in  all  cases,  but  it  should  be  corrected  if  it  becomes 
excessive.  This  may  be  tested  by  turning  the  current  into  the 
fields,  being  sure  to  leave  the  armature  disconnected,  and  then  turn- 
Incr  the  shaft  with  the  lever  as  before.  The  friction  in  this  case 
should  not  be  more  than  2  to  4  per  cent. 
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Tests  for  friction  alone  should  be  made  at  a  low  speed,  be- 
cause at  high  speeds  the  effects  of  Foucault  currents  and  hysteresis 
enter  and  materially  increase  the  apparent  friction. 

Balance.  The  perfection  of  balance  of  the  armature  or 
pulley  can  be  roughly  tested  by  simply  running  the  machine  at 
normal  speed  and  noting  if  these  parts  cause  any  objectionable 
vibration.  Of  course,  practically  every  machine  produces  percept- 
ible vibration  when  running,  but  this  should  not  amount  to  more 

than  a  very  slight  trembling.  The  balance  of  a  ma- 
chine can  be  definitely  tested,  and  the  extent  of  the 
vibration  measured,  by  susf)ending  the  machine  or 
by  mounting  it  on  wheels,  and  running  it  at  full 
speed.  In  this  case  it  is  better  to  run  the  machine 
as  a  motor,  even  though  it  be  actually  a  generator, 
in  order  to  avoid  the  necessity  of  running  it  by  a 
belt,  which  would  cause  vibration  and  interfere 
with  the  test.  If,  however,  the  use  of  a  belt  is 
unavoidable,  it  should  be  arranged  to  run  vertically 
upward  or  downward  so  as  not  to  produce  any  hori- 
zontal motion  in  addition  to  the  vibration  of  the 
machine  itself.  Fig.  40  shows  a  machine  hung  up 
to  be  tested  for  balance,  and  run  either  as  a  motor 
or  by  the  vertical  belt  indicated  by  the  dotted  lines. 
Any  lack  of  balance  will  cause  the  machine  to  vi- 
brate or  swing  horizontally,  and  this  motion  can  be 

measured  on  a  fixed  scale. 
Fig.  40. 

Noise.  This  cannot  well  be  tested  quantita- 
tively, although  it  is  very  desirable  that  a  machine  should  make 
as  little  noise  as  possible.  Noise  is  produced  by  various  causes. 
The  machine  should  be  run  at  full  speed,  and  any  noise  and  its 
cause  carefully  noted.  A  machine — especially  the  commutator — 
will  nearly  always  run  more  quietly  after  it  has  been  in  use  a  week 
or  more  and  has  worn  smooth. 

Heating.  The  proper  way  to  determine  the  temperature  rise 
in  electrical  apparatus  is  by  measurements  of  resistance,  before 
and  after  operating  for  a  specified  time  (usually  3  to  4  hours)  under 
rated  load. 
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The  rise  of  temperature  is : 

0  =  (238.1  +  t)  (^^^^+  Q  -  l), 

in  which  t  is  the  room  temperature  in  degrees  Centigrade,  Rt;  the 
resistance  in  ohms  at  room  temperature,  and  (K^  +  e  )  the  final  re- 
sistance at  a  temperature  elevation  of  6°  C.  The  standard  room 
temperature  is  25°  C ;  and  if  it  differs  from  this,  the  determined 
rise  should  be  corrected  by  -f  J  per  cent  for  each  degree  C.  For 
ordinary  tests  it  may  be  assumed  that  the  resistance  of  copper  in- 
creases A  per  cent  for  each  degree  C  rise  in  temperature.  The 
allowable  rise  in  temperature  for  field  or  armature  windings  is 
50°  C,  hence  their  resistance  for  continuous  operation  at  rated 
load  should  not  be  more  than  20  per  cent  in  excess  of  the  room 
temperature.  The  heating  of  commutators,  collector  rings,  and 
brushes  that  cannot  be  measured  electrically,  is  tested  by  thermom- 
eters when  the  machine  is  stopped,  the  permissible  rise  being  50^ 
C;  and  for  bearings  and  other  parts  of  machines  the  limit  is  40°  C. 
When  a  thermometer  is  applied  to  a  surface  it  should  be  covered 
by  a  pad  of  cotton  or  waste  cloth,  in  a  shallow,  circular  box  about 
1^  inches  in  diameter.  A  large  pad  tends  to  accumulate  heat. 
When  machines  are  in  operation,  or  in  other  cases  when  it  is  not 
convenient  to  measure  resistances,  especially  for  excessive  temper- 
atures due  to  abnormal  conditions,  thermometers  may  be  used  to 
test  all  stationary  parts;  but  it  should  be  noted  that  their  indica- 
tions are  usually  about  5°  C  lower  than  those  determined  by 
resistances,  because  the  surface  is  cooler  than  the  interior.  A  very 
simple  test  of  heating  is  to  apply  the  hand  to  the  armature,  etc.,  and 
if  it  can  be  held  there  without  great  discomfort,  the  temperature 
is  not  dangerous.  Allowance  should  always  be  made,  however, 
for  the  fact  that,  on  account  of  its  heat  conductivity,  bare  metal 
feels  very  much  hotter  than  cotton -covered  wires,  cloth,  etc.,  at  the 
same  actual  temperatures;  but  this  apparent  difference  is  much 
less  if  the  hand  is  kept  on  for  10  to  20  seconds. 

5parkins^  at  the  commutator  cannot  be  accurately  measured; 
but  it  is  very  objectionable,  and  in  a  machine  in  good  order 
should  be  hardly  perceptible.  In  any  test  one  should  observe 
carefully  whether  the  sparking  is  excessive  or  not;  and  if  so,  to 
what  it  is  due. 
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An  approach  to  measurement  may  be  made  by  starting  witli 
a  lightly  loaded  machine  and  gradually  increasing  tlie  load,  mean- 
while shifting  the  rocker-arm  and  brushes  back  and  fortli,  and 
noting  at  what  load  it  is  impossible  to  find  a  non-sparking  point. 
In  machines  the  brushes  must  be  shifted  to  follow  the  armature 
reaction  as  the  load  increases;  but  one  should  always  be  able  to 
find  a  place  where  sparking  ceases,  within  the  rated  load.  In  fact, 
a  machine  should  be  able  to  run  with  25  per  cent  overload 
before  sparking  is  serious.  If  a  machine  begins  to  spark  at  50  per 
cent  of  its  load,  it  is  clearly  only  half  as  useful  as  it  might  be, 
and  this  may  be  taken  in  a  sense  as  a  measure  of  sparking. 
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MANAGEMENT  OF  DYNAMO. 
ELECTRIC  MACHINERY. 


PART  II 


ELECTRICAL  RESISTANCE. 

Among  the  most  important  tests  wliicli  it  is  necessary  to 
make  in  connection  with  Dynamo-Electric  Machinery  are  those  for 
resistance. 

There  are  two  principal  classes  of  resistance  tests  that  must 
be  made  in  connection  with  generators  and  motors.  First,  the 
resistance  of  the  wires  or  conductors  themsel\res,  called  the  metallic 
resistance ;  and,  second,  the  resistance  of  the  insulation  of  the 
wires,  knOwn  as  the  insulation  resistance.  The  latter  should 
always  be  as  high  as  possible,  because  a  low  insulation  resistance 
not  only  allows  current  to  leak,  but  also  causes  "  burn-outs  "  and 
other  accidents.  Metallic  resistance,  such,  for  example,  as  the 
resistance  of  the  armature  or  field  coils,  is  commonly  tested  either 
by  the  Wheatstone  bridge  or  by  the  "drop"  (fall-of -potential) 
method. 

The  Wheatstone  Bridge  is  simply  a  number  of  branch  cir- 
cuits connected  as  indicated  in 
Fig.  41.  A,  B,  and  C  are  resis- 
tances the  values  of  which  are 
known.  X  is  the  resistance 
which  is  being  measured.  G  is 
a  galvanometer,  S  its  key,  and 
E  is  a  battery  of  one  or  two 
cells  controlled  by  a  key  K,  all 
being  connected  as  shown.  The 
resistance  C  is  varied  until  tlie 
^^'  *^*  galvanometer   shows  no  deflec- 

tion when  the  keys  K  and  S  are  closed  in  the  order  named.     If 
the  key  S  should  be  closed  before  K,  or  at  the  same  moment,  the 
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inductive  effect  would  produce  a  pronounced   deflection  of  the 
galvaaometer  needle,  and  thua  probably  cause  confusion.     The 
value  of  the  resistance  X  is  then  found  by  multiplying  together 
reBiBtances  C  and  B,  and  dividing  by  A;  that  is, 
^0  X  B. 
A 
A  very  conveuit-nt  form  of  this  apparatus  is  what  la  known  as 
the  portable  bridge  (Fig,  42).     Tliis  consists  of  a  box  containing 
the  thi-eo  sets  of  known   resistances,  A,  B,  and  C,  controlled  by 
plugs;  also  the  galvanometer  (i,  and  keys  K  and  S,  all  connected 


Fig.  42. 

in  the  proper  way.  In  some  cases  further  convenience  Is  secured 
by  including  the  battery  E  in  the  box;  but  ordinarily  this  is  not 
done,  and  it  is  necessary  to  connect  one  or  two  cells  of  battery  to 
s  pair  of  binding-posts  placed  on  the  box  for  that  purpose.  Ee- 
sistances  from  ^V  o^i"!  to  100,000  ohms  can  be  convenieatly  and 
accurately  measured  by  the  "Wheatstone  bridge.  Below  -^  ohm  the 
resistances  of  the  contacts  in  the  binding-posts  and  plugs  are  apt 
to  cause  errors,  and  therefore  special  bridges  provided  with  mer- 
cury contact  cups  are  used.  In  fact,  in  measuring  any  resistance, 
care  should  be  taken  to  make  the  connections  clean  and  tight. 
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The  ordinary  bridge  will  not  measure  above  100,000  ohms,  be- 
cause, if  the  resistance  in  the  arm  B  is  100  ohms,  1  ohm  in  A,  and 
1,000  ohms  in  C,  then  X  is  100,000.  Sometimes  the  arms  A  and 
B  are  provided  with  1,000-ohm  coils  in  addition  to  the  usual  1-, 
10-  and  100-ohra  coils;  or  sometimes  the  arm  C  contains  more 
than  1,000  ohms  in  all;  in  either  case  the  range  will  be  corre- 
spondingly increased. 

It  should  be  observed,  however,  that  the  use  of  ratios  of  1,000: 

I,  or  even  100:  1,  is  not  desirable,  since  they  are  likely  to  multiply 
any  error  due  to  contact  resistances,  etc.  In  fact,  it  is  usually  bet- 
ter to  have  the  four  resistances  not  very  widely  different  in  value; 
that  is,  no  one  of  them  should  be  more  than  ten  times  greater 
than  any  other  except  when  very  high  or  very  low  resistances  are 
to  be  measured.  The  Wheatstone  bridge  may  be  used  for  testing 
the  resistances  of  almost  any  field  coils  that  are  found  in  practice. 
Shunt  fields  for  110; volt  machines  usually  vary  from  about  100  or 
200  ohms  in  a  l-II.  P.  machine  to  about  5  to  20  ohms  in  a  100- 
H.  P.  machine.  If  the  voltage  is  higher  or  lower  than  110,  these 
resistances  vary  as  the  square  of  the  voltage.  Series  fields  for  arc- 
circuit  dynamos  vary  from  about  1  to  20  ohms.  In  measuring 
field  resistances  with  the  bridge,  care  must  be  taken  to  wait  a  con- 
siderable time  after  pressing  the  battery  key,  before  pressing  the 
galvanometer  key,  in  order  to  allow  time  for  the  self-induction  of 
the  magnets  to  disappear. 

The  bridge  may  be  used  also  for  testing  the  armature  resis- 
tance of  some  machines.     But  110-volt  shunt  machines  above  10 

II.  P.  usually  have  resistances  less  than  -j^g-  ohm,  which  is  l>elow 
the  range  of  the  ordinary  bridge,  as  already  stated.  For  higher 
or  lower  voltages  the  resistance  is  proportional  to  the  square  of  the 
voltage.  Arc  machines  have  armatures  of  about  1  to  20  ohms 
resistance,  and  are  therefore  easily  tested  by  the  bridge. 

The  Drop  (or  Fall-of-Potential)  Method  is  well  adapted  for 
locating  faults  quickly,  and  for  testing  the  armature  resistance  of 
most  generators  and  motors,  or  the  resistance  o'  contact  between 
commutator  and  brushes,  or  other  resistances  which  are  usually 
only  a  few  hundredths  or  even  thousandths  of  an  ohm.  This 
consists  in  passing  a  current  through  the  armature  and  connections 
and  a  known  resistance  (of,  say,  yj^  ohm),  all  connected  in  series, 
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as  represented  in  Fig.  43.  The  "drop"  or  fall  of  potential  in  the 
armature  and  that  in  the  known  resistance  are  compared  by  con- 
necting a  voltmeter  first  to  the  terminals  of  the  known  resistance 
(marked  1  and  2),  and  then  to  various  other  points  on  the  circuit, 
as  indicated  by  the  dotted  voltmeter  terminals  at  M,  N,  O,  Q,  E, 
and  S,  80  as  to  include  successively  each  part  to  be  tested.  The 
deflections  in  all  cases  are  directly  proportional  to  the  resistances 
included  between  the  points  touched  by  the  terminals.  The 
current  needed  depends  upon  the  resistance  of  the  circuit  and  the 
sensitiveness  of  the  voltmeter.  A  bank  of  lamps  or  a  liquid 
resistance  is  used  for  limiting  the  current.     Instead  of  using  a 
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known  resistance,  an  ammeter  may  be  inserted  in  series  with  the 
resistance  to  be  tested,  the  latter  being  then  determined  by  Ohm's 
law,  viz.^    If  E  is  the  voltmeter  deflection,  and  I  represents  the 

F 

amperes  flowing,  the  resistance  of  the  part  under  test  is  R  =— 

I 

A ''station"  or  a  portable  voltmeter  may  be  used  for  the 
readings,  and  its  terminals  may  be  held  in  the  hands,  or  they  may 
be  conveniently  arranged  to  project  from  an  insulating  handle  like 
a  two-pronged  fork.  Usually  10  to  100  amperes  and  a  low-read. 
ing  voltmeter  are  needed  for  low  resistances. 

It  is  well  to  start  with  a  small  testing  current,  and  increase  it 
until  a  good  deflection  is  obtained  on  the  voltmeter.     If  a  current 
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of  several  amj)eres-  cannot  be  had,  a  few  cells  of  storaj^e  battery 
or  some  strong  primary  battery,  such  as  a  Biinsen,  bichromate,  or 
plunge  battery,  can  be  used  with  a  galvanometer  or  low- reading 
voltmeter. 

The  diagram  indicates  the  testing  of  a  machine  with  series 
fields.  Shunt  fields  must  be  connected  directly  to  the  line  on 
account  of  their  high  resistance;  while  the  armature  can  be  con- 
nected as  here  shown,  without  being  allowed  to  revolve. 

This  drop  method  of  testing  is  also  very  useful  in  locating 
any  fault.  The  two  wires  leading  from  the  voltmeter  are  applied 
to  any  two  points  of  the  circuit,  as  indicated  by  the  dotted  lines 
— for  instance,  to  two  adjacent  commutator  segments,  or  to  a 
brush  tip  and  the  commutator;  any  break  or  poor  contact  will  be 
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indicated  immediately  by  the  deflection  being  larger  than  at  some 
other  similar  part.  This  shows  that  the  fault  is  between  the  two 
points  to  which  the  wires  are  applied.  Thus,  by  moving  these 
along  on  the  circuit,  the  exact  location  of  any  irregularity,  such  as 
a  bad  contact,  short  circuit,  or  extra  resistance,  can  be  found. 

The  iiiHulatiori  Tt^fiistance  of  a  generator  or  motor,  that  is, 
the  resistance  between  its  wires  and  its  frame,  should  be  sufficient- 
ly high  BO  that  not  more  than  one-millionth  of  its  rated  current 
will  pass  through  it  at  normal  voltage,  and  it  is  well  to  have  it 
still  higher.  It  is  therefore  beyond  the  range  of  ordinary  Wheat- 
stone-bridge  tests;  but  two  good  methods  are  applicabh* — the 
''direct-deflection"  and  the  voltmeter  method. 

The  Direct-Deflection  Method  is  carried  out  by  connecting  a 
sensitive  galvanometer,  such  as  a  Thomson  high-resistance  reflect- 
ing galvanometer,  in  series  with  a  known  high  resistance,  usually 
a  l(X),()00-ohm  rheostat,  a  battery,  and  keys,  as  shown  in   Fig.  44 
The  galvanometer  should  be  shunted  with  the    ^l^  coil  of  the 
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sliuut,  80  tHat  only  Yif^ns  ^^  ^^®  current  passes  through  the  gal- 
vanometer,  the  machine  being  entirely  disconnected.  The  keys  A 
and  B  are  closed  and  the  steady  deflection  noted.  It  is  well  to 
use  but  one  cell  of  the  battery  at  first,  and  then  increase  the  num- 
ber if  necessary  until  a  considerable  deflection  is  obtained.  The 
circuit  is  then  opened  at  the  key  B,  and  connected  by  wires  to  the 
binding.post  or  commutator  and  to  the  frame  or  shaft  of  the  ma- 
chine,  as  indicated  by  dotted  lines,  so  that  the  machine  insulation 
resistance  is  incladed  directly  in  the  circuit  with  the  galvanometer 
and  battery.  The  key  A  is  then  closed  and  the  deflection  noted. 
Probably  there  will  be  little  or  no  deflection,  on  account  of  the 
high  insulation  resistance;  and  the  shunt  is  changed  to  -^j  -J-,  or 
left  out  entirely  if  little  deflection  is  obtained.  In  changing  the 
shunt,  the  key  should  always  be  open,  otherwise  the  full  current  is 
thrown  on  the  galvanometer.  The  insulation  is  then  calculated  by 
the  formula: 

Insulation  resistance  = — = . 

a  ' 

in  which  D  is  the  first  deflection  without  the  machine  being  con. 

nected,  and  d  the  deflection  with  the  machine  insulation  in  the  cir. 

cuit,  R  the  known  high  resistance,  and  S  the  ratio  of  the  shunt. 

That  is,  if  the  shunt  is  g-J^  in  the  first  teat,  and  ^  in  the  second, 

then  S  is  100;  and  if  the  shunt  is  out  entirely  in  the  second  test, 

S  is  1,000.     It  is  safer  to  leave  the  high  resistance  in  circuit  in 

the  second  test,  to  protect  the  galvanometer  in  case  the  insulation 

resistance  is  low.     Therefore  this  resistance  must  be  subtracted 

from  the  result  to  obtain  the  insulation  of  the  machine  itself. 

By  the  above  method  it  is  possible  to  measure  100  megohms 

or  even  more.     The'  wires  and  connections  should  be  carefully 

arranged  to  avoid  any  possibility  of  contact  or  leakage,  which 

would  spoil  the  test.     If  no  deflection  is  obtained,  place  one  finger 

on  the  frame  and  one  on  the  binding- post  of  the  machine,  which 

makes  enough  leakage  to  afl^ect  the  galvanometer  and  show  that 

the  connections  are  right,  thus  proving  that  any  poor  insulation 

will  be  indicated  if  it  exists. 

The  Voltmeter  Test  for  Insulation  Resistance  requires  a 
sensitive  high-resistance  voltmeter,  such  as  the  Weston.  Take, 
for  example,  the  150.volt  instrument.  Fig.  45,  which  usually  has 
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about  15,000  ohms  resistance.  (A  certificate  of  tlie  exact  resist- 
ance is  pasted  inside  each  case.)  Apply  it  to  some  circuit  or 
battery,  and  measure  the  voltage.  This  should  be  as  high  as 
possible — say,  100  volts.  The  insulation  resistance  of  the  machine 
is  then  connected  into  the  cir- 
cuit, as  indicated  in  Fig.  46. 
The  deflection  of  the  voltmeter 
is  less  than  before,  in  proportion 
to  the  value  of  the  insulation 
resistance. 

The  insulation  is  then   found 
by  the  equation : 

Insulation  resistance  = y —  — K, 

a  ' 

in   which    1)   is  the  first  and  d 


Fig.  45. 


the  second  deflection,  and  R  the  resistance  of  the  voltmeter.  If 
the  circuit  is  100  volts,  D  is  100;  and  if  rf,  the  deflection  through 
the  insulation  resistance  of  the  machine,  is  1  division,  the  insula- 
tion is  1,485,000  ohms.  Permanent  marks  indicating  amounts  of 
insulation  may  Ix)  put  on  the  voltmeter  scale.  When  making 
measurements,  the  voltage  should  be  the  same  as  that  employed  in 
preparing  this  scale  (say,  115  volts).  To  calculate  the  scale  use 
this  formula: 


<7r^ 


USE 

X  +  R' 


in  which  X  is  the  insulation  resistance  (1  megohm,  ^  megohm, 
etc.),  and  d  is  the  number  of  volts,  opposite  which  the  correspond- 
in  j^  graduation  is  to  be  placed  to  form  the  new  scale.  This  method 
doe^s  not  test  very  high  resistances;  but  if  little  or  no  deflection  is 
obtained  through  the  insulation  resistance,  it  shows  that  the  latter 
is  at  least  several  megohms — which  is  high  enough  for  most 
practical  purposes. 

The  ordinary  magneto-electric  bell  may  be  used  to  test  insu- 
lation  by  simply  connecting  one  terminal  to  the  binding-post  of 
the  machine,  and  the  other  to  the  frame  or  shaft. 

A  magneto  bell  is  rated  to  ring  from  10,000  to  30,000  ohms 
and  if  it  does  not  ring,  it  shows  that  the  insulation  is  more  than 
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that  amount.  This  limit  Is  altogether  too  low  for  proper  insula- 
tion  in  any  case;  and  therefore  this  test  is  rough,  and  really  shows 
only  whether  or  not  the  insulation  is  very  poor  or  the  machine 
actually  grounded. 

The  magneto  is  also  used  for  "  continuity  **  tests,  to  deter- 
mine  whether  a  circuit  is  complete,  by  simply  connecting  the  two 
terminals  of  the  magneto  to  those  of  the  circuit.  If  the  bell  can 
be  rung,  it  shows  that  the  circuit  is  complete;  if  not,  it  indicates  a 
break.  An  ordinary  electric  bell  and  cell  of  battery  can  be  used 
in  place  of  the  magneto. . 

The  insulation  of  a  machine  should  always  be  tested  for 
disruptive  strength,  with  a  current  of  at  least  double  the  normal 
working  pressure,  to  see  if  it  will  "  break  down ''  or  be  punctured 
by  the  current.  A  transformer  motor-dynamo  wound  to  give  high 
voltage  is  convenient  for  this. 
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Tests  of  the  resistances  of  generators  or  motors  should  prop- 
perly  be  made  when  the  machines  are  as  warm  as  they  get  when 
running  continuously  at  full  load.  This  increases  the  resistance 
of  conductors  and  decreases  the  insulation  resistance,  but  it  gives 
the  actual  working  values. 

Voltage.  Instruments  for  measuring  voltage  (known  as 
voltmeters)  are  in  nearly  all  cases  galvanometers  of  practically 
constant  resistance.  Throucrh  them  flow  currents  which  are 
directly  proportional  to  the  impressed  voltages.  A  pointer  con- 
nected to  the  moving  part  deflects  over  a  graduated  scale.  A 
voltmeter  should  have  as  liigh  a  resistance  as  possible — ^at  least 
several  thousand  ohms  —  in  order  not  to  take  too  much  current, 
which  might  lower  its  reading  on  high-resistance  circuit  or  con- 
sume too  much  power.  It  should  not  be  affected  by  the  magnet. 
ism  of  a  generator  or  motor  at  any  dietance  over  a  few  feet# 
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The  voltage  of  any  machine  or  circuit  is  tested  by  merely 
connecting  the  two  binding-posts  or  terminals  of  the  voltmeter  to 
the  two  terminals  or  conductors  of  the  machine  or  circuit.  To 
get  the  external  voltage  of  a  generator  or  motor,  the  voltmeter  is 
usually  applied  to  the  two  main  binding-posts  or  brushes  of  the 
machine.  This  external  voltage  is  what  a  generator  supplies  to 
the  circuit.  It  is  also  called  the  pole  difference  of  potential  oi 
terminal  voltage,  and  is  the  actual  figure  upon  which  calculations 
of  the  efficiency,  capacity,  etc.,  of  any  machine  are  based. 

A  generator  for  constant-potential  circuits  should,  of  course, 
give  as  nearly  as  possible  a  constant  voltage.  A  plain  shunt 
machine  usually  falls  from  5  to  15  per  cent  in  voltage  when  its 
current  is  varied  from  nothing  to  full  load.  This  is  due  to  the 
I  II  drop  caused  by  the  resistance  of  the  armature  circuit,  which 
in  turn  weakens  the  field  current  and  magnetism ;  armature 
reaction  usually  occurs  also,  and  still  further  lowers  the  external 
voltage.  This  variation  is  undesirable,  and  is  usually  avoided  by 
regulating  the  field  magnetism  (varying  the  resistance  in  the  field 
circuit)  or  by  the  use  of  compound-wound  generators.  A  com- 
pound-wound dynamo  should  not  fall  appreciably  from  no  load  to 
full  load  ;  in  fact,  if  it  is  "  over-compounded  "  it  should  rise  5  per 
cent  or  more  in  voltage  to  make  up  for  loss  on  the  wiring. 

The  voltage  of  a  constant-current  generator  is  not  important. 
The  current  should  be  carefully  measured  by  an  ammeter,  but  little 
attention  is  paid  to  the  voltage  in  practical  working;  in  fact,  it 
changes  constantly  with  variations  in  the  load.  But  it  is  necessary, 
of  course,  to  measure  it  in  making  efficiency  or  other  exact  tests. 

A  simple  and  fairly  accurate  method  of  measuring  voltage  is 
by  means  of  ordinary  incandescent  lamps.  A  little  practice 
enables  one  to  tell  whether  a  lamp  has  its  proper  voltage  and 
brightness.  In  this  way  it  is  easy  to  tell  if  the  voltage  is  even  one 
or  two  per  cent  above  or  below  the  normal  point.  Voltages  less 
than  the  ordinary  can  be  tested  by  using  low-voltage  lamps  or  by 
estimating  the  brightness  of  high-voltage  lamps.  For  example,  a 
lamp  begins  to  show  a  very  dull  red  at  one-third  and  a  bright  red 
at  one-half  ita  full  voltage.  Voltages  higher  than  that-of  one 
lamp  can  be  tested  by  using  lamps  in  series.  Thus  1,000  volts 
can  be  measured  by  using  10  lamps  in  series,  and  so  on. 
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Current.  This  is  measnred  by  an  ammeter  (  Fig.  47),  which 
is  usually  cheaper  than  a  voltmeter  because  it  contains  a  com- 
paratively small  amount  of  wire.  In  testing  the  current  of  a 
generator  or  motor,  it  is  necessary  only  to  connect  an  ammeter,  of 
the  proper  range,  in  series  with  the  machine  to  bo  tested,  so  that 
the  whole  current  passes  through  the  instrument  or  its  shunt. 
To  test  the  current  in  the  armature  or  the  field  alone,  the  ammeter 
is  connected  in  series  with  the  particular  part.  To  avoid  mistakes 
in  the  case  of  a  shunt- wound  generator,  it  is  well  to  open  the 
external  circuit  entirely  in  testing  the  current  used  in  the  field 

coils ;  for  the  same  reason  the 
brushes  of  a  shunt  motor  should 
be  raised  before  testincr  the  cur- 
rent  taken  by  the  field.*  In  a. 
constant-current  or  series-wound 
dynamo,  the  same  current  flows 
through  all  parts  of  the  machine 
and  the  circuit; consequently  the 
measurement  of  current  is  very 
simple. 

If  mi  amineter  cannot  he  hadj 
current  can  he  ineasured,  by 
inserting  a  known  resistance  in  the  circuit  and  measuring  the 
difference  of  potential  between  its  ends.  The  volts  thus  indicated, 
divided  by  the  resistance  in  ohms,  gives  the  number  of  amperes 
flowing.  If  a  known  resistance  is  not  at  hand,  the  resistance  of  a 
part  of  the  wire  forming  the  circuit  can  be  obtained  from  its 
diameter  measured  with  a  screw  caliper  or  a  wire  gauge,  by 
referring  to  any  of  the  tables  of  resistances  of  wires;  or  the 
resistance  can  be  measured  by  a  Wheatstone  bridge  (  Fig.  42),  or 
by  putting  an  ammeter,  when  one  can  be  spared,  into  the  circuit, 
while  the  voltmeter  is  connected.  The  volts  divided  by  the 
amperes  gives  the  resistance  in  ohms  between  tlie  points  to  which 
the  voltmeter  is  connected.  Two  connections  can  be  attached 
permanently  to  two  points  on  the  circuit,  and  an  ammeter  tem- 

•  These  instructions  are  to  be  foHowed  when  onlv  one  ammeter  is  to  b6 
had;  othervt^se  one  could  be  placed  in  the  field  circuit,  and  another  in  tbfl 
circuit  from  the  starting  box  to  the  independent  armature  termiaaL 


Fig.  47. 
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porarily  inserted,  and  for  every  reading  of  the  ammeter  the 
corresponding  reading  of  the  voltmeter  attached  to  these  con- 
nections may  be  noted.  Then,  by  keepinga  list  of  these  readings, 
the  am[)ereB  can  be  found  at  any  futnre  time,  by  connecting  tlui  . 
voltmeter  to  the  two  permanent  contacts.  This  preliminary  use  of 
the  ammeter  umonuts  to  measuring  the  resistance  between  the  two 
contacts,  and  allows  for  the  increase  of  resistance  when  the  current 
and  heating  increase.  Tn  any  case  it  is  convenient  to  use  a  length 
of  wire,  or  a  distance  between  contacts,  which  will  give  an  even 
amount  of  resistance,  say,  1-10  or  1-100  ohm.  And,  as  with  large 
current  the  resistance  will  lie  fractional,  care  must  be  taken  to 
avoid  eriora  in  multiplying,  etc. 

In  testing  the  output  of  a  generator,  it  is  often  quite  a  prob- 
lem t"  dispose  of  tlie  current  produced.     A  bank  of  lamps,  for 


Fife'.  18. 

example,  U>  "Be  the  whole  current  generated  by  a  dynamo  of  110 
volts  and  1,000  amperes,  would  be  very  expensive.  A  sufficient 
number  of  resistance-boxes  for  the  purpose  would  also  be  very 
costly.  The  best  way  is  to  drive  the  generator  by  a  motor,  and  con- 
nect  it  up  in  parallel  with  the  line.  In  this  way  most  of  the  power 
is  returned  instead  of  being  wasted.  If  a  motor  cannot  be  had,  the 
simplest  and  cheapest  way  to  consume  a  large  current  is  to  place 
two  plates  of  iron  in  a  common  tub  or  trough  filled  with  a  weak 
solution  of  carbonate  of  soda  (common  washing  soda),  which  is 
better  than  almost  any  other  solution  because  it  neither  gives  off 
fumes  nor  eats  the  electrodes.  The  main  conductors  are  connected 
to  the  two  plates,  respectively,  and  the  current  passes  through  the 
solution.  The  resistance  and  current  are  regulated  by  varying  the 
distance  between  the  plates,  the  depth  they  are  immersed  in  the 
liquid,  and  the  strength  of  the  solution.     The  energy  may  lie  suf- 
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fioknit  to  boil  tbe  liquid,  but  this  does  no  buna.  Tlirfe  to  Wn 
amperes  |)er  square  iiicli  of  active  surface  of  plate  may  be  allowed. 

Speed.  This  is  usually  measured  by  the  well-kiiown  speed 
counter  (Fig.  48),  vousistiug  of  a  small  spindle  which  turns  a 
wlifi'l  one  tooth  each  time  it  revolves.  The  point  of  the  spindle 
is  held  against  tbe  oeuter  of  the  shaft  of  the  generator  or  motor 
forat-ertain  time,  say,  on©  minute  or  one-half  minute,  and  the 
number  of  revolutions  is  read  off  from  the  position  of  tbe  wheel. 

Anotber  instrument  for  testing  the  number  of  revolutions 
ptT  minute  is  the  tadiometer.  The  stationary  form  of  this  instru- 
ment 13  shown  in  Fig.  49.     It  must  be  belted  by  a  string,  tape,  or 


light  leather  belt  to  tbe  machine  tbe  s^>eed  of  which  is  to  be  tested. 
If  the  sizes  of  the  pulleys  are  not  the  same,  their  speeds  are 
inversely  proportional  to  their  diameters.  The  portable  form  of 
this  instrument  (Fig.  50)  is  applied  directly  to  tbe  end  of  the 
shaft  of  tbe  machine,  like  the  speed  counter.  Tbe  tip  can  be 
slipped  DpoQ  either  one  of  the  three  spindles,  which  are  geared 
together,  according  as  the  speed  is  near  500,  1,000,  or  2,000  revo- 
lutions. These  instmrnents  possess  the  great  advantage  over  the 
speed  coonter  that  they  instantly  point  on  the  dial  to  the  proper 
speed,  and  they  do  not  require  to  be  timed  for  a  certain  period. 

A  simple  way  to  test  tbe  speed  in  revolutions  per  minute  is 
to  make  a  large  black  or  white  mark  on  the  belt  of  a  machine,  and 
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noifi  liu'iv  inauy  times  tlie  mark  paesea  per  luinnte  ;  the  lengtL  of 
the  belt  divided  by  the  circumference  of  the  pulley  gives  the 
number  of  revolutions  of  the  pulley  for  each  time  the  mark  passes. 
I'he  number  of  revolutions  of  the  pulley  to  one  of  the  belt  can 
also  bw  easily  determined  by  slowly  turning  the  pulley  or  pulling 
the  belt  until  the  latter  makes  one  complete  trip  around,  at  the 
same  time  counting  the  revolutions  of  the  pnlley.  If  the  machine 
has  no  belt,  it  can  be  supplied  with  one  temporarily  for  the  pur- 
pose of  the  test,  a  piece  of  tape  with  a  knot  or  an  ink  mark  being 
Bullicient.  Care  should  be  taken  in  all  these  teBts  of  speed  with 
belts  not  to  allow  any  slip ;  for  example,  in  the  case  of  the  tape 
belt  just  referred  to,  this   belt  should   pass  around   the  puller 


of  the  machine  and  some  light  wheel  of  wood  or  metal  which 
turns  BO  easily  as  not  to  cause  any  slip  of  the  belt  on  the  pulley 
of  the  machine. 

Torque  or  Pull  is  measured  in  the  case  of  a  motor  by  the  use 
of  a  Prony  brake.  This  consists  of  a  lever  LL  of  wood,  clamped 
on  the  pulley  of  the  machine  to  Xte  tested,  as  indicated  in  Fig  51. 
The  pressure  of  the  screws  SS  is  then  adjusted  by  the  wing-nuts 
until  the  friction  of  the  clamp  on  the  pulley  is  sufficient  to  cause 
the  motor  to  take  a  given  current,  and  thr  »peed  is  then  noted. 
Usually,  the  inaxiriuin  torque  or  pull  ia  the  most  important  to 
test;  and  this  is  obtained  in  the  case  of  a  constant- potential  motor 
by  tightening  the  screws  SS  until  the  motor  draws  its  full  current 
as  indicated  by  an  ammeter.  "What  the  full  current  should  be,  is 
usually  marked  on  the  name-plate  ;  if  not,  it  may  be  assumed  to 
l>e  about  8  amperes  per  11.  P.  for  llO-volt  motors,  4  amperes  j>er 
II.  P.  for  220-volt,  and  1  'i-i  amperes  pr  H.  P.  for  SOO-volt 
motors.  If  the  machine  is  rated  in  kilowatts,  the  full  current  in 
amperes  can  be  found  by  multiplying  by  1,000  and  dividing  by 
the  voltage  of  the  machiua.    The  torque  or  pull  is  measured  by 
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known  weights,  or  more  conveniently  by  a  spring  balance  P.     I 
desired,  the  test  may  also  be  made  at  three-quarters,  one-half,  oi 
any  other  fraction  of  the  full  current. 

The  torque  or  pull  in  pounds  which  should  be  obtained,  can 
also  be  calculated  from  the  power  at  which  the  machine  is  rated, 
by  the  formula  ; 

H.  P.  X  33,000 


Torque  = 


6.28  X  S' 


in  which  H.  P.  is  the  horse-power  of  the  machine  at  full  load, 
and  S  is  the  speed  of  the  machine  in  revolutions  per  minute  at 
full  load.  Torque  is  given  at  unit  radius,  commonly  pounds  at 
one  foot.  The  pull  at  any  other  radius  is  converted  into  torque 
by  multiplying^  by  the  radius;  1,  2,  and  4  ft.  are  convenient 
radii  or  lengths  of  lever  for  measuring  pull.  One  IT.  P.  produced 
at  a  speed  of  1,000  revolutions  requires  a  pull  of  5.25  pounds  at 

end  of  1 -foot  lever;  at  500  revo- 
lutions, twice  as  much;  at  2,000 
revolutions  half  as  much;  and  so 
on.  If  the  lever  is  4  feet,  the 
pull  is  one-fourth  as  much,  etc. 
The  Torque  of  a  Qenerator, 
that  is,  the  power  required  to 
drive  it,  is  very  conveniently  de- 
termined by  operating  it  as  a 
motor,  and  testing  it  by  the 
Prony  brake  as  described  above. 


^ 
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Fig.  51. 


the  torque  of  a  generator  being  practically  equal  to  that  of  a  motor 
under  similar  conditions. 

Power.  The  electrical  power  of  a  generator  or  motor  is  found 
by  testing  the  voltage  and  current  at  the  terminals  of  the  machine, 
as  already  described,  and  multiplying  the  two  together,  which  gives 
the  electrical  power  of  the  machine  in  watts.*  Watts  are  converted 
into  horse-power  by  dividing  by  746,  and  into  kilowatts  by 
dividing  by  1,000. 

The  mechanical  power  of  a  generator  or  motor,  that  is,  the 

*In  testing  an  alternating- current  machine,  a  wattmeter  should  be  em- 
ployed instead  of  a  voltmeter  and  an  ammeter,  as  explained  later. 
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power  required  for  or  developed  by  it,  is  found  by  multiplying  its 
pull  by  it3  speed  and  by  the  circumference  on  which  the  pull  is 
measured,  and  dividing  by  33,000.     That  is, 

P  X  S  X  6.28  X  R 
Horse-power  = ^^^ , 

in  which  P  is  the  pull  in  pounds,  S  the  speed  in  revolutions  per 
minute,  and  R  the  radius  in  feet  at  which  P  is  measured. 

Efficiency,  This  is  determined  in  the  case  of  a  generator  by 
dividing  the  electrical  power  generated  by  it  by  the  mechanical 
power  required  to  drive  it ;  that  is, 

^rn  -  •  Electrical  power 

Einciency  of  generator  =  ^^ — r — = — r^ 

•^       ^  Mechanical  power 

The  efficiency  of  a  motor  is  the  mechanical  power  developed 
by  it,  divided  by  the  electrical  power  supplied  to  it ;  that  is, 

r^^  .  ,  Mechanical  power 

Einciency  of  motor  =  -^^^ ; — r-^ . 

iMectrical  power 

These  are  the  actual  or  commercial  efficiencies  of  these  ma. 
chines,  and  should  be  at  least  90  per  cent  at  rated  load  in  machines 
of  10  11.  P.  and  over. 

The  so-called  "electrical  efficiency"  is  misleading  and  of 
little  practical  importance,  and  should  not  be  considered  in  com- 
mercial work.  The  mechanical  and  electrical  power  in  the  above 
equations  are  determined  as  already  explained. 

It  is  usually  more  convenient  to  test  the  efficiency  of  a  gen- 
erator by  testing  it  as  a  motor  with  a  Prony  brake.  But  the 
efficiency  of  a  generator  may  be  determined  very  easily  by  driving 
it  with  a  calibrated  electric  motor,  that  is,  one  in  which  the  power 
developed  for  any  given  number  of  volts  and  amperes  consumed 
is  known.  Then  it  is  only  necessary  to  measure  the  watts  sup- 
plied by  the  generator  when  the  motor  is  running  at  a  certain 
power,  and  the  efficiency  of  the  generator  is  th^  taatts  -^  the 
known  power. 

Another  method  is  to  employ  two  identical  machines,  one 
used  as  a  motor  driving  the  other  as  a  generator.  The  shafts  of 
the  two  machines  should  be  directly  connected  by  some  form  of 
coupling ;  a  belt  may  be  used,  but  its  friction  would  cause  a 


Mf 


7(5  MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY 

small  loss.  The  watts  produced  by  the  generator,  divided  by  the 
watts  consumed  by  the  motor,  is  the  combined  efficiency  of  the 
two  machines;  and  the  efficiency  of  each  is  the  square  root  of  that 
fraction.  For  example,  if  the  combined  efficiency  is  ,.81,  then 
that  of  each  machine  is  .90,  since  .90  X  .90  =  .81.  This 
assumes  that  the  two  efficiencies  are  equal,  w^hich  is  sufficiently 
correct  if  the  machines  are  exactly  alike.  The  current  from  the 
generator  may  be  used  to  help  feed  the  motor,  and  then  only  the 
difference  in  current  need  be  supplied.  This  latter  current  repre- 
sents the  inefficiency  or  losses  from  friction,  etc.,  in  both  machines. 

To  test  in  this  way,  connect  both  machines  in  parallel  with 
the  source  of  current;  couple  or  belt  them  together;  and  then 
weaken  the  field,  or  shift  the  brushes  of  the  machine  which  is  to 
be  used  as  a  motor,  so  that  it  will  speed  up  and  drive  the  other 
as  a  dynamo,  or  cause  it  to  drive  the  other  by  putting  a  large  pul- 
ley on  it.  In  this  way  the  motor  will  consume  current  from  the 
circuit  while  tlie  generator  yields  current  to  the  circuit.  Both 
currents  are  measured  and  the  efficiencies  calculated. 

The  efficiency  of  a  motor-generator  or  ordinary  converter  is 
very  'easily  determined  by  simply  measuring  the  input  and  out- 
put  in  watts  (by  wattmeters  or  by  ammeters  and  voltmeters  for 
direct  currents),  and  dividing  the  latter  by  the  former. 

These  electrical  methods  of  testing  are  preferable  to  mechan- 
ical, for  the  reason  that  the  volts  and  amperes  can  be  easily 
and  accurately  measured,  and  their  product  gives  the  power  in 
watts.*  Mechanical  measurements  of  power  by  dynamometer  or 
other  means  are  difficult,  and  usually  not  very  accurate. 

Separation  of  Lossea,  The  total  losses  in  a  generator  or 
motor,  except  that  caused  by  the  electrical  resistance  of  the  arma- 
ture when  carrying  the  full  current,  can  be  closely  determined  at 
once  by  noting  the  current  required  to  run  the  machine  free  as  a 
motor.  In  a  machine  of  90  per  cent  efficiency,  this  should  not  amount 
to  more  than  about  8  per  cent  of  the  current  required  to  give 
rated  power.  Consequently  the  easiest  way  to  test  a  machine  is 
to  run  it  as  a  motor  without  load. 

The  various  losses  of  power  that  occur  in  a  generator  or  motor 
may  be  determined  and  separated  from  each  other  as  follows: 

*  When  alternating-current  machinery  is  being  tested  use  wattmeters 
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Take  a  generator,  for  example,  and  drive  it  with  another 
machine  used  as  a  motor  in  the  manner  deBcribed  for  testing  fric- 
tion. The  motor  should  previously  be  calibrated,  that  is,  tested 
to  determine  the  exact  mechanical  power  it  develops  for  each 
amount  of  electrical  power  in  watts  supplied  to  it,  as  described 
for  testing  efficiency.  A  simple,  shunt-wound  motor  on  a  con- 
stant-potential  circuit  is  best  suited  to  the  purpose.  The  gener- 
ator  is  first  driven  at  normal  speed  with  no  field  magnetism  and 
with  the  brushes  lifted;  then  the  actual  power  developed  by  the 
motor  equals  the  power  lost  in  the  generator  by  the  friction  of 
bearings  and  belt.  The  brushes  are  then  adjusted  in  contact  with 
the  commutator,  with  the  usual  pressure.  The  increase  in  the 
power  of  the  motor  is  equal  to  the  brush  friction. 

Finally,  excite  the  field  magnet  to  full  strength,  and  the  in- 
crease in  the  power  exerted  by  the  motor  is  equal  to  the  combined 
losses  due  to  the  Foucault  or  eddy  currents  and  hysteresis  in  the 
iron  core  of  the  armature,  provided  there  is  no  considerable  side 
pull  on  the  armature.  The  power  wasted  in  Foucault  currents 
varies  as  the  square  of  the  speed,  while  the  hysterietic  loss  is  only 
directly  proportional  to  speed;  hence  the  two  may  be  separated  by 
testing  the  machine  at  different  S|)eeds. 

For  example,  let  us  call  x  and  y  the  losses  due  to  hysteresis 
and  Foucault  currents,  respectively,  at  full  speed;  A  the  power 
consumed  by  both  at  full  speed;  and  B  the  power  consumed  at 

half  speed.     Then  A  =  a?  +  y,  and  B    =  -^ — h-r")   l^^J^ce,  by- 

eliminating  a?,  we  have  y  =  2A  -  4B.  That  is  the  Foucault  loss 
is  twice  the  power  consumed  by  both  at  full  speed  minus  four 
times  the  power  consumed  by  both  at  half  speed.  The  hyster- 
esis loss  =  A  -  y.  If  eddy  currents  are  developed  in  the  copper 
conductors  of  the  armature,  they  will  increase  the  apparent 
Foucault  loss  as  determined  by  the  above  test,  since  they  also 
vary  as  the  square  of  the  speed.  The  power  wasted  by  eddy  cur- 
rents might  be  found  by  testing  the  armature  without  any  conduc- 
tors upon  it.  This  could  be  done  only  before  the  armature  is 
wound  or  by  unwinding  it,  neither  of  which  is  practicable  except 
in  the  place  where  it  is  made.  Ordinarily,  however,  eddy  currents 
in  the  conductors  do  not  amount  to  much  unless  they  are  very 
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large,  and  even  then  the  use  of  stranded  conductors  or  conductors 
embedded  in  slots  in  the  iron  core  largely  overcomes  the  trouble. 

Friction  of  the  air  might  also  increase  the  apparent  Foucault 
loss;  but  it  usually  causes  only  a  very  small  loss,  and  is  almost 
impossible  to  separate  except  by  running  the  machine  in  a  vacuum, 
which  is,  of  course,  impracticable.  The  other  losses  are  quite  easily 
measured  and  separated,  as  follows  : 

The  number  of  watts  used  in  the  field  can  be  measured  by  a 
voltmeter  and  ammeter,  or  it  can  be  calculated  by  the  formula  : 

E- 

Watts  --     p-  :—  I^R  —  EI,  in  which  E  is  the  voltage,  R  the 

resistance,  and  I  the  current.  It  is  sufficient  if  any  of  these  two 
quantities  are  known.  The  loss  in  the  armature  conductors,  due 
to  ohmic  resistance  is  found  by  multiplying  the  square  of  the 
current  in  the  armature  at  full  load  by  the  armature  resistance;  in 
fact,  this  is  usually  called  the  *'  PR  loss."  This  should  not  be 
more  than  1  to  3  per  cent  in  a  constant- potential  generator  or 
motor,  whether  it  be  alternating-or  direct-current.  The  sum  of 
all  the  losses  make  up  the  difference  between  the  total  power  con- 
sumed by  the  machine  and  the  useful  power  that  it  develops. 

The  ordinary  values  of  the  various  losses  in  a  good  generator 
or  motor  of  25  H.  P.  are  approximately  as  follows  : 

Useful  power  developed about  92  per  cent. 

Used  in  magnetizing  field about  1  to  2  " 

Loss  in  armature  resistance  (PR) ..."      1  to  2  " 

Friction  of  bearings about  2  " 

Friction  of  brushes "        >^  " 

Friction  of  air "        %  " 

Hysteresis  in  armature  core "      1^  " 

Foucault  currents  in  armature  core "       15^  " 

Measurement  of  Power  in  A.  C.  Circuits.  In  circuits  car- 
rying  alternating  currents  and  having  some  inductive  load  either 
in  the  form  of  motors  or  arc  lamps  or  a  partly  loaded  transformer, 
etc.,  the  ordinary  method  of  determining  the  power,  by  voltmeter 
and  ammeter  measurements,  is  not  applicable,  as  the  current  is 
seldom  in  phase  with  the  E.  M.  F.,  and  therefore  the  product  voUs 
X  amperes  is  not  the  true  power. 

There  are  several  means  for  determining  the  true  power  of 
an  A.  0.  circuit,  the  simplest  being  an  indicating  wattmeter.     A 
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wattmeter  is  an  electro-dynamometer  provided  with  two  coils,  a 
fixed  one  of  coarse  wire,  the  other  movable  and  of  fine  wire.  This 
movable  coil  is  connected  in  series  with  a  large  non-inductive 
resistance,  so  that  the  time-constant  of  the^  fine-wire  circuit  is 

extremely  small;  and  hence  its 
impedance  is  practically  equal  to 
its  resistance;  the  current  in,  and 
resulting  field  of,  the  fine-wire 
coil  will  under  these  conditions 
be  practically  in  phase  with  the 
potential  difference  across  its 
terminals.  The  field  produced 
by  the  coarse- wire  coil  is  directly 
proportional  to  the  current  flow- 
ing through  it  at  any  instant.  Hence,  the  coupleacting  on  the  fine- 
wire  coil  is  proportional  at  a  given  instant  to  the  product  of  these 
fields*,,  so  that  the  reading  of  the  instrument,  which  depends  on 
the  mean  value  of  the  couple,  will  be  proportional  to  the  mean 
power,  and,  by  providing  the  instrument  with  the  proper  scale^ 
it  can  be  made  to  read  directly  in  watts. 


Motor 


Fi^.  53. 


In  Fifif.  52,  A  B  represents  an  inductive  load — say,  a  single- 
phase  motor — of  which  the  power  input  is  to  be  determined;  C  D 
the  terminals  of  the  thick- wire  coil  (current-coil)  of  the  wattmeter; 
and  E  F  the  pressure-coil  terminals.  When  connected  as  above 
indicated,  the  wattmeter  indicates  directly  the  power  in  watts  sup. 
plied.  In  the  case  of  a  two -phase  system,  where  the  two  circuits 
are  independent,  the  power  may  be  measured  by  placing  a  watt- 
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meter  in  each  phase,  as  shown  in  Fig.  52,  and  adding  the  two 
readings.  If  the  motor  be  connected  up  as  shown  in  Fig,  58,  ^ 
where  A  B  forma  a  common  return,  the  wattmeters  are  placed  as 
indicated,  care  heing  taken  to  place  the  current-ooih  in  the  out* 


Fig.  54a. 


rffcirfTI 


Wi^ 


Z> 


Fig.  546. 

^ds  mmnn;  and  the  power  supplied  is  equal  to  the  sum  of  the 
two  wattmeter  readings. 

The  power  of  a  balanced  or  unbalanced  three-phase  system 
can  be  determined  by  the  use  of  two  wattmeters  connected  as 

*  This  form  of  connection  Is  poeslble  only  when  the  generator  has  two 
independent  windings,  one  for  each  phaat- 
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shown  in  Fig.  54,  a  and  b.  "Pie  current-oarrying  coils  are  placed 
in  series  with  two  of  the  wires,  and  the  pressure-coil  respectively 
connected  between  these  two  mains  and  the  third  wire.    The 

algehiraio  sum  of  these  two  watt- 
meter readings  gives  the  true  power 
supplied.  When  the  power  factor  of 
the  system  is  less  than  .5,  one  of  the 
wattmeters  will  read  negatively  It 
is  sometimes  difficult  to  determine 
whether  the  smaller  readings  are  neg- 
ative or  not.  If  in  doubt,  give  the 
Y\g,  55.  wattmeter  a  separate  load  of  incandes- 

cent  lamps,  and  make  the  connections 
such  that  both  instruments  deflect  properly;  then  reconnect  them 
to  the  load  to  be  measured.  If  the  terminals  of  one  instrument 
havd  to  be  reversed,  the  readings  of  that  wattmeter  are  negative. 


fijiijiMafl 


Fig.  56. 

To  measure  the  power  of  a  balanced  4>wire  8  phase  system, 
one  wattmeter  may  be  connected  as  shown  in  Fig.  65,  and  the 
wattmeter  reading  multiplied  by  8.  Usually,  however,  a  4- wire 
8-phase  system  is  unbalanced;  and  to  determine  the  power  sup- 
plied under  this  condition,  three  wattmeters  should  be  employed, 
one  for  each  jjiase,  the  j)ower  supplied  being  equal  to  the  algebra- 
ic  sum  of  all  three  readings. 
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It  is  obvious  that  iu  any  of  the  above  instances  one  wattmeter 
could  be  employed,  provided  the  necessary  switches  are  furnished. 
Assuming,  for  example,  the  S-phase  3-wire  case,  one  wattmeter 
would  require  switch  connections  as  shown  in  Fig.  56.  A  is  a 
double-pole  switch,  which,  when  thrown  to  the  left,  places  the 
current-coil  of  the  wattmeter  in  series  with  the  conductor  of  No.  I, 
and,  when  thrown  to  the  right,  places  it  in  series  with  No.  III. 
Similarly,  switch  B  changes  the  pressure  terminals  from  between 
I  and  IT  to  III  and  II;  while  switches  C  and  D  are  short-circuit- 
ing switches,  one  of  which  is  closed  previous  to  removing  the 
current-coil  from  one  phase  to  the  other,  and  the  other  one  opened 
after  the  coil  is  in  position  as  indicated. 

LOCALIZATION  AND  REHEDY  OF  TROUBLES. 

The  promptness  and  ease  with  which  any  accident  or  difficulty 
with  electrical  machinery  can  be  dealt  with,  will  always  have 
much  to  do  with  the  success  of  a  plant.  The  following  list  of 
troubles,  symptoms,  and  remedies  for  the  various  types  and  sizes 
of  dynamos  and  motors  in  common  use,  has  been  prepared  to 
facilitate  the  detection  and  elimination  of  such  difficulties. 

It  is  evident  that  the  subject  is  somewhat  complicated  and 
difficult  to  handle  in  a  general  way,  since  so  much  dej)end8  upon 
the  particular  conditions  in  any  given  case,  every  one  of  which 
must  be  included  in  the  table  in  such  a  way  as  to  distinguish  it 
from  all  others  Nevertheless,  it  is  remarkable  how  much  can  be 
covered  by  a  systematic  statement  of  the  matter,  and  nearly  all 
cases  of  trouble  most  likely  to  occur  are  covered  by  the  table,  so 
that  the  detection  and  remedy  of  the  defect  will  result  from  a 
proper  application  of  the  rules  given. 

It  frequently  happens  that  a  trifling  oversight,  such  as  allow- 
ing a  wire  to  slip  out  of  a  binding-post,  will  cause  as  much 
annoyance  and  delay  in  the  use  of  electrical  machinery  as  the  most 
serious  accident.  Other  troubles,  equally  simple  but  not  so 
easily  detected,  are  of  frequent  occurrence. 

The  rules  are  made,  as  far  as  possible,  self-explanatory;  but 
a  statement  of  the  general  plan  followed  and  its  most  important 
features  will  facilitate  the  xmderstanding  and  use  of  the  table. 
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USE  OF  THE  TABLE  OF  TROUBLES. 

In  the  use  of  this  table,  the  principal  object  should  be  to 
separate  clearly  the  various  causes  and  effects  from  one  another. 
A  careful  and  thorough  examination  should  first  be  made;  and, 
as  far  as  possible,  one  should  be  perfectly  sure  of  the  facts,  rather 
than  attempt  to  guess  what  they  are  and  jump  at  conclusions.  Of 
course,  general  precautions  and  preventive  measures  should  be  , 
taken  before. any  troubles  occur,  if  possible,  rather  than  to  wait 
until  a  difficulty  has  arisen.  For  example,  one  should  see  that 
the  machine  is  not  overloaded  or  running  at  too  high  voltage,  and 
should  make  sure  that  the  oil-cups  are  not  empty.  Neglect  and 
carelessness  with  any  machine  are  usually  and  deservedly  followed 
by  accidents  of  some  sort.  It  is  usually  wise  to  stop  the  ma- 
chine when  any  trouble  manifests  itself,  even  though  it  does 
not  seem  to  be  very  serious.  It  is  often  practically  impos- 
sible to  shut  down;  but  even  then,  spare  apparatus  should  be 
ready.  The  continued  use  of  defective  machinery  is  a  common 
but  very  objectionable  practice. 

The  general  plan  of  the  taoie  is  to  divide  all  troubles  that 
may  occur  to  generators  or  motors,  into  ten  classes,  the  headings 
of  which  are  the  ten  most  important  and  obvious  bad  effects  pro- 
duced in  these  machines,  viz.: 

I.  Sparking:  at  Commutator. 

II.  Heating  of  Commutator  and  Brushes. 

IH.  Heating  of  Armature. 

iV.  Heating  of  Field  Magnets. 

V.  Heating  of  Bearings. 

VI.  Noisy  Operation. 

VII.  Speed  not  right. 

VIII.  Motor  stops  or  falls  to  start. 

IX.  Dynamo  falls  to  generate. 

X.  Voltage  not  right. 

Any  one  of  these  general  effects  is  evident,  e\  en  to  the  casual 
observer,  and  still  more  so  to  any  person  making  a  careful  ex. 
amination;  hence  nine-tenths  of  the  possible  cases  can  be  elimin- 
ated immediately. 

The  next  step  is  to  find  out  which  particular  one  of  the  eight 
or  ten  causes  in  this  class  is  responsible  for  the  trouble.  This 
requires  more  careful  examination,  but  nevertheless  can  be  done 
with  comparative  ease  in  most  cases.     One  cause  may  produce 


811 


84    MANAGEMENT  OF  DYNAMO-ELECTKIC  MACHINEKY 


two  effects,  and,  vice  versa^  one  effect  may  be  produced  by  two 
causes;  but  the  table  is  arranged  to  cover  this  fact  as  far  as 
possible.  In  a  complicated  or  difficult  case  it  is  well  to  read 
through  the  entire  table  and  note  what  causes  can  possibly  apply. 
Generally  there  will  not  be  more  than  two  or  three;  and  the  |)ar- 
ticular  one  can  be  picked  out  by  following  the  directions,  which 
show  how  each  case  may  be  distinguished  from  any  other. 

I.    SPARKING  AT  THE  COMMUTATOR. 

This  is  one  of  the  most  common  of  troubles,  being  often  quite 
serious  because  it  burns  and  cuts  the  commutator  and  brushes,  at  the 
same  time  producing  heat  that  may  spread  to  and  inj[ure  the  arma- 
ture or  bearings.  Any  machine  having  a  commutator  is  liable  to  it, 
including  practically  all  direct-current  and  some  alternating-cur- 
rent  machines.  Tlrj  latter  usually  have  continuous  collecting 
rings  not  likely  to  spark;  but  self -exciting  or  composite- wound 
alternators,  rotary  converters,  and  some  alternating-current  motors 
have  supplementary  direct-current  commutators,  A  certain 
amount  of  sparking  occurs  normally  in  most  constant-current 
dynamos  for  arc  lighting,  where  it  is  not  very  objectionable,  since 
the  machines  are  desimied  to  stand  it  and  the  current  is  small. 

Cause  1.  Armature  carrying  too  much  current^  due  to  {a) 
overload  (for  example,  too  many  lamps  fed  by  dynamo,  or  too 
much  mechanical  work  done  by  motor;  a  short  circuit,  leak,  or 
ground  on  the  line  may  also  have  the  effect  of  overloading  a 
dynamo');  (i)  excessive  voltage  on  a  constant-potential  circuit,  or 
excessive  amperes  on  a  constant-current  circuit.  In  the  case  of  a 
motor,  any  friction,  such  as  armature  striking  pole  pieces,  or  a 
shaft  not  turning  freely,  may  have  the  same  effect  as  overload 

Symptom.  Whole  armature  becomes  overheated,  and  belt  (if 
any)  becomes  very  tight  on  tension  side,  sometimes  scpieaking 
because  of  slipping  on  pulley.  Overload  due  to  friction  is  de- 
tected by  stopping  the  machine,  and  then  turning  it  slowly  by 
hand.     (See  V  and  VI,  2.) 

Rkmedt.  {ii)  Ile<luce  the  load;  or  eliminate  the  short  cir- 
cuit,  leak,  or  ground  on  the  line;  (/>)  di^crease.  size  of  driving 
pulley,  or  (r;)  increase  size  of  driviMi  pulley;  (</)  decreuso  magnetic 
strength  of  field  in  the  case  of  a  dynamo,  or  increase  it  ia  the  case 
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of  a  motor.  IE  exceaa  of  current  cannot  aatiafactorily  be  overooine 
in  any  of  the  above  n-nys.  it  will  Uv  noce&mry  to  change  the 
machine  or  its  wimiiiiir.  Ovci-Iouil  iliii'  lo  friction  iu  eliminated 
as  described  under  V  and  VI,  2. 

If  the  starting  or  regulating  rheostat  of  a  motor  haa  too 
little  reaiatance,  it  will  cause  the  motor  to  start  too  suddenly  and 
to  spark  badly  at  first.  The  only  remedy  is  more  resistance  in  the 
box. 

Cause  2,     Brushes  not  set  at  the  neutral  point. 

SyBPTOH.  Sparking  varied  by  shifting  the  brnshes  with 
rocker-arm. 

Rkukdy.  Carefully  shift  brushea  backwards  or  forwards 
until  sparking  is  reduced  to  a  miuimuoi.    TUia  oan  Iw  done  by 


Fig.  57.  Fig.  58.  Piff.  f>9. 

simply  moving  the  rocker-arm.  If  only  slightly  out  of  position, 
heating  alone  may  result,  without  disarrangement  l<eing  bad 
enough  to  show  s|)arking.  If  the  brushea  are  not  exactly  o[)[)OBiti' 
in  a  bipolar,  'SO"  ajwrt  in  a  four-pole  machine,  and  so  on,  they 
should  be  made  so,  the  proper  points  of  contact  being  determined 
by  counting  the  comnintator-bars  or  by  careful  lueasuremeut. 

The  usual  |>osition  for  brushes  is  opposite  the  s|)awa  between 
the  pole  pieces,  but  in  some  machines  they  must  be  set  in  line 
with  centers  of  pole  pieces  or  at  some  other  point.  If  the  brushes 
are  set  exactly  wrojig,  this  will  cause  a  dynamo  to  fail  to  generate 
and  a  motor  to  fail  to  start,  and  will  blow  the  fuse  or  open  the 
circuit-breaker.     (See  IX,  C.) 

Cause  3.  Commutator  rough,  eccentric,  or  has  one  or 
more  •*  high  bars  "  projecting  ',>eyon('  the  others,  or  one  or  more 
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flat  bars,  eomiiionly  calleO  flats,  or  projecting  mica,  any  one  of 

which  causes  the  brushes  tu  vibrate  or  to  b»  actually  thrown  out 
of  contact  with  the  commutator  (Figs.  58  and  59).  Hard  mica 
lietween  the  bars,  which  does  not  wear  as  rapidly  as  the  copper, 
will  prevent  {rood  contact  or  thrnw  brushes  off. 

Symptom.     Note  whetlier  tliere  is  a  glaze  or  polish  on  thtt 
commutator,  which  shows  smooth  working;  touch  revolving  com- 
mutator with  tip  of  finger  nail,  and  the  least  roughness  is  percep- 
tible; or  feel  brushes  to  see  if  there  is  any  jar.     If  the  machine 
runs  at  high  voltage   (over  250),   the   commutator  or   brushes 
should  be  touched  with  a  stick  or  quill  to  avoid  danger  of  shock. 
In  the   case  of    au    eccentric  commutator,  careful   examination 
shows  a  rise  and  fall  of  the 
brush  when  the  commutator 
turns  slowly,  or  a  chatteriug 
of  brush  when  it  is  running 
fast.     Sometimes,  by  sighting 
in  line  with  brush  contact,  one 
can  see  daylight  between  com- 
mutator and  brush,  owing  to 
brush  jumping  up  and  down. 

Remeds.  Smooth  the  com-* , 
mutator  with  a  fine  file  or  fine 
sandpaper,  which  should  be 
applied  on  a  block  of  wood  that 

exactly    fits  the  commutator  pjg.  qq. 

(being  careful  to  remove  any 

sand  remaining  afterward;  and  never  use  einerif').  If  commutator 
is  very  rough  or  eccentric,  the  armature  should  be  taken  out  and  put 
in  a  lathe,  and  the  commutator  turned  off.  Large  machines  often 
have  a  stide-reat  attachment  (Fig.  ftO),  so  that  the  commutator  can 
l>e  turned  off  without  removing  the  armature.  This  is  claxped  on 
the  pillow-block  after  removing  the  rocker-arm. 

For  turning  off  a  commutator,  a  diamond -pointed  tool  should 
be  used,  this  being  better  than  either  a  round  or  square  end.  It 
should  have  a  very  sharp  and  smooth  edge;  and  only  a  fine  cut' 
should  be  taken  off  each  time  in  order  to  avoid  catching  in  or  tear- 
ing the  copper,  which  is  very  tough.     The  surface  is  then  finished 
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by  Applying  a  ''  dead  smooth  "  file  while  the  commutator  revolves 
rapidly  in  the  lathe.  Any  particles  of  copper  should  then  be 
carefully  removed  from  between  the  bars. 

To  have  the  commutator  wear  smooth  and  work  well,  it  is 
desirable  to  have  the  armature  shaft  move  freely  back  and  forth 
about  an  eighth  of  an  inch  in  the  bearings  while  it  is  running.  A 
commutator  should  have  a  glaze  of  a  brown  or  bronze  color. 
A  very  bright  or  scraped  appearance  does  not  indicate  the  best 
condition.  .  Sometimes  a  very  little  vaseline  or  a  drop  of  oil  may 
be  applied  to  a  commutator  that  is  rough.  Too  much  oil  is  very 
bad,  and  causes  the  following  trouble: 

Cause  4.     Brushes  make  poor  contact  with  commutator. 

Sympi'um.  Close  examination  shows  that  brushes  touch  only 
at  one  corner,  or  only  in  front  or  behind,  or  there  is  dirt  on  sur- 
face  of  contact.  Sometimes,  owing  to  the  presence  of  too  much  oil 
or  from  other  cause,  the  brushes  and  commutator  become  very 
dirty,  and  covered  with  suiut* 
They  should  then  be  carefully 
cleaned  by  wiping  with  oily  rag 
or  benzine,  or  by  other  means. 

C)ccasionally  a  "  glass-hard  " 
carbon  brush  is  met  with.  It  is 
incapable  of  wearing  to  a  good 
seat  or  contact,  and  will  touch  at 
only  one  or  two  points.     Some  Fig.  61. 

carl)on  brushes  are  of  abnormally 

high  resistance,  so  that  they  do  not  make  good  contact.  In  such 
cases  new  brushes  should  be  substituted. 

Remedy.  Carefully  fit,  adjust,  or  clean  brushes  until  they  rest 
evenly  on  commutator,  with  considerable  surface  of  contact  and  with 
sure  but  not  too  heavy  pressure.  Copper  brushes  require  a  regular 
brush  jig  (Fig.  61).  Carbon  brushes  can  be  fitted  perfectly  by  draw- 
ing a  strip  of  sandpaper  back  and  forth  between  them  and  the  com- 
mutator while  they  are  pressing  down.  A  band  of  sandpaper  may  be 
pasted  or  tied  around  the  commutator,  and  the  armature  then  slowly 
revolved  by  hand  or  by  power  while  the  brushes  are  pressed  upon  it. 

It  sometimes  happens  that  the  brushes  make  poor  contact  be 
cause  the  brush-holders  do  not  work  freely. 
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Cause  5.  Short-circuited  or  reversed  coil  or  coils  in  ar« 
mature. 

Rympi'om.  a  motor  will  draw  excessive  current,  even  w'hen 
running  free  without  load.  A  dynamo  will  re<[uire  considerable 
j)Ower,  even  without  any  load.     For  reversed  coil,  see  I  IT,  5. 

The  short-eireuited  eoil  is  heated  mueh  more  than  the  others, 
and  is  liable  to  be  1  mi  nit  out  entirclv;  therefore  the  machine 
should  be  sto])jK'd  immediately.  If  necessary  to  run  machine  in 
order  to  locate  the  troubh%  one  or  two  minntes  is  lojit^;  enouo;h;  but 
this  maybe  repeated  until  the  short-circuited  coil  is  found  by  feel- 
intr  the  armature  all  over. 

An  iron  screw-driver  or  other  tool  held  between  the  lield 
magnets  near  the  revolving  arnuiture,  vibrates  very  j)erceptibly  as 
the  short-circuited  coil  jnisses.  Almost  any  armature,  })articularly 
one  with  teeth,  will  c^iuse  a  slight  but  rapid  vibration  of  a  piece  of 
iron  held  near  it;  but  a  short  circuit  produces  a  much  stronger 
effect  only  once  per  revolution.  Care  should  be  taken  not  to  let 
the  piece  of  iron  be  drawn  in  and  jam  the  armature. 

The  current  j)ulsates  and  torque  is  unecpial  at  different  parts 
of  a  i^evolution,  these  being  j)articularly  noticeable  ^vhen  several 
coils  are  short-circuited  or  reversed  and  the  armature  is  slowly 
turned.  If  a  large  portion  of  the  armature  is  short-circuited,  the 
heatincr  is  distributed  and  is  harder  to  locate.  In  this  case  a  motor 
runs  very  slowly,  giving  little  power  but  having  full  field  magnet- 
ism. A  short-circuited  coil  can  also  be  detected  by  the  drop-of- 
potential  method.     For  dynamos,  see  IX,  3. 

Hemedy.  a  short  circuit  is  often  caused  by  a  piece  of  solder 
or  other  metal  getting  between  the  commutator-bars  or  their  con- 
nections with  the  armature;  and  sometimes  the  insulation  between 
or  at  the  ends  of  these  bars  is  bridged  over  by  a  particle  of  metal. 
In  any  such  case  the  trouble  is  ejwily  found  and  corrected.  If, 
however,  the  short  circuit  is  in  the  coil  itself,  the  only  effective 
remedy  is  to  rewind  the  coil. 

One  or  more  *'  grounds  "  in  the  armature  may  produce  effects 
similar  to  those  arising  from  a  short  circuit.     (^See  Cause  7.) 

Cause  6.     Broken  circuit  in  armature. 

SvMrroM.  Commutator  flashes  violently  while  running,  and 
conniiutator-bar  nearest  the  break  is  badly  cut  and  burnt;  but  in 
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tbis  case  no  particular  armature  coil  will  be  heatwl  as  in  tlie  last 
case;  and  tlie  flashing  will  be  very  mucli  worse,  even  when  turning 
bIowIjt.  This  trouble,  which  might  be  confounded  with  a  bad  case 
of  "high  bar"  in  commutator  (Cause  3),  ia  distinguished  there- 
from by  slowly  turning  the  armature,  when  violent  flashing  will 
continue  if  circuit  ia  broken;  but  not  with  "high  bar"  unless  it 
is  very  bad,  in  which  case  it  is  easily  felt  or  seen.  A  very  biid 
contact  has  almost  the  same  effect  as  a  break  in  the  circuit,  \ 

ItEMEDY,     A  break  or  bad  contact  can   be  located   by  the 
"drop"  method    (page  (13)   or   by   a   continuity   test  (page  08). 
The  trouble  is  often  found  where  the  armature  wires  connect  with 
the  commutator,  and  not  in  the  coil  itself,  and  the  break  may  be 
repaired  or  the  loose  wire  properly  fastened.     If  the  trouble  is  due 
to  a  broken  commutator  connection,  and  cannot  be  fixed,  thediscon< 
nected  bar  may  be  temporarily  connected 
to  the  next  by  solder,  or  the  brushes  may 
be   "  Btaggered,"  that  is,  one   put  a  little 
forward  and  the  other  liack  so  as  to  bridge 
over  the  breiik  (Kig.  Ci).     It  may  be  im. 
practicable  to  "stagger"  radial  and  some 
other  arrangements  of  brushes,  but  usually 
a  brush  is  thick  enough  to  make  contact 
with  more  than  one  commutator  bar.     If 
p;     02  ^^^  break  is  in  the  coil  itself,  rewinding  is 

generally  the  only  cure.  But  this  may  be 
remedied  temporarily  by  connecting  together  by  wire  or  solder 
the  two  commutator. bars  or  coil -terminals  lietween  which  the 
break  exists.  It  is  only  in  an  emergency  that  armature  coils 
should  be  cut  out  or  commutator  bars  connected  ti^ther,  or  other 
makeshifts  resorted  tu  ;  but  it  sometimes  avoids  a  very  undesir- 
able stoppage.  A  very  rough  but  quick  and  simple  way  to  con- 
nect  two  commutator  bars,  is  to  hammer  or  otherwise  force  the 
coppers  together  across  the  mica  insulation  at  the  end  of  the  com- 
mutator. This  should  be  avoided  if  possible  ;  but  if  it  has  to  be 
done  in  an  emergenoy,  the  crushed  material  can  afterwards  be 
picked  out  and  the  injury  smoothed  over.  In  carrying  out  any 
of  these  methods,  great  care  should  be  taken  not  to  short -circuit 
any  other  armature  coil,  which  would  cause  sjiarking  (Cause  D), 
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Cause  7.     Ground  in  Armature. 

Symptom.  Two '*  c/rounds  "  (accidental  connections  between 
the  conductors  on  the  armature  and  its  iron  core  or  the  shaft  or 
spider)  would  have  practically  the  same  effect  as  a  short  circuit 
(Cause  5),  and  would  be  treated  in  the  same  way.  A  single 
frround  would  have  little  or  no  effect,  provided  the  circuit  is  not 
intentionally  or  accidentally  grounded  at  some  other  point.  On 
an  electric -rail  w^ay  ("  trolley  ")  or  other  circuit  employing  the 
earth  as  a  return  conductor,  one  or  more  grounds  in  the  armature 
would  allow  the  current  to  pass  directly  through  them,  and  would 
cause  the  motor  to  spark  and  have  a  variable  torque  at  different 
parts  of  a  revolution. 

Remedy.  A  ground  can  be  detected  by  testing  with  a  mag- 
neto bell  (page  07).  It  can  also  be  located  by  the  drop-of -po- 
tential method  (j)age  f)8).  Another  way  to  locate  it  is  to  wrap  a 
wire  arouiKl  the  comnr\utator  so  as  to  make  connection  with  all  of 
the  bars,  and  then  connect  a  source  of  current  to  this  wire  and 
to  the  armature  core  (by  pressing  a  wii"e  upon  the  latter).  The 
current  will  then  flow  from  the  armature  conductors  through  the 
ground  connection  to  the  core,  and  the  magnetic  effect  of  the 
armature  winding  will  be  localized  at  the  point  where  the  ground 
is.  This  point  is  then  found  by  the  indications  of  a  compass 
needle  when  slowly  moved  around  the  surface  of  the  armature. 
The  current  may  be  obtained  from  a  storage  battery  or  from  the 
circuit,  but  should  be  regulated  by  lamps  or  other  resistance  so  as 
not  to  exceed  the  normal  armature  current.  Sometimes  the 
ground  may  be  in  a  place  where  it  can  be  corrected  without  much 
trouble,  but  usually  the  particular  coil  and  often  others  must  be 
rewound.  A  ground  will  be  produced  if  the  insulation  is  punc- 
tured by  a  spark  of  static  electricity,  which  may  be  generated  by 
the  friction  of  the  belt.  If  the  frame  of  the  machine  is  connected 
to  the  ground,  the  static  charge  will  pass  off  to  the  ground  ;  but 
such  grounding  is  often  inadvisable,  and  in  such  cases  the  frame  may 
be  connected  to  the  ground  through  a  Geissler  tube,  a  wet  thread, 
a  heavy  pencil -mark  on  a  piece  of  unglazed  porcelain,  or  other  very 
high  resistance  which  will  carry  off  a  static  charge  of  very  high 
potential  and  almost  infinitesimal  quantity,  but  will  not  permit  the 
passage  of  any  considerable  current  that  might  cause  trouble. 
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Cait8k  8.     Weak  Field  Magnetism. 

Symptom.  Pole  pieces  not  strongly  inacrnetic  when  tested 
with  a  piece  of  iron.  Point  of  least  spark  incp  is  si  lifted  consider- 
ably from  normal" position,  owing  to  relatively  strong  distorting 
effect  of  armature  magnetism.  Speed  of  a  shunt  motor  is  usually 
high  unless  magnetism  is  very  weak  or  /?//,  in  which  case  a  motor 
may  run  slow,  stop.  Or  even  run  backwards.*  A  generator  fails  to 
generate  the  full  E.M.F.  or  current. 

The  particular  cause  of  trouble  may  be  found  as  follows:  A 
broken  circuit  in  the  field  of  a  motor  is  found  by  purposely  open- 
ing the  field  circuit  at  some  point,  taking  care  first  to  disconnect 
armature  (by  putting  woml  under  the  brushes,  for  exam])le),  and 
to  use  only  one  hand,  to  avoid  shock.  If  there  is  no  spark  when 
circuit  is  thus  opened,  there  must  be  a  broken  circuit  somewhere. 
A  short  circuit  in  the  field  coils  is  found  by  measuring  their 
resistance  roughly  to  st»e  if  it  is  very  much  less  than  it  should  be. 
Usually  a  short  circuit  is  confined  to  one  magnet,  and  will  there- 
fore weaken  that  one  more  than  the  others;  and  a  piece  of  iron 
held  half-way  between  the  j)ole  pieces  will  be  attracted  to  one 
more  than  to  the  other.  The  short  circuit  may  be  found  by  the 
drop-of -potential  method,  by  testing  from  the  joint  between  the 
field  coils  to  each  outside  terminal.  '*(irounding  "  is  practically 
identical  with* short-circuiting,  but  one  ground  will  not  produce 
this  effect  until  another  occurs.  A  double  ground,  through  which 
the  current  finds  a  complete  path,  is  equivalent  to  a  short  circuit. 
In  the  ordinary  "  trolley"  electric-railway  system,  a  ground  return 
is  used,  and  the  neutral  conductor  of  three- wire  systems  is  often 
grounded.  In  such  cases  one  ground  may  be  sufticient  to  cut  out 
one  or  more  field  coils. 

If  one  field  coil  is  reversed  and  opposed  to  the  others,  it  will 
weaken  the  field  magnetism  and  cause  bad  sparking.  This  may 
be  detected  by  examining  the  field  coils  to  see  if  they  are  all  con- 
nected in  the  right  way,  or  by  testing  with  a  compass  needle. 
(See  IX,  4.)  The  series-coil  of  a  compound- wound  dynamo  or 
motor  is  of  ted  connected  wrongly,  and  will  have  the  wrong  effect, 
that  is,  will  reduce  the  voltage  of  the  former  or  raise  the  speed  of 
the  latter  with  increase  of  load. 

*  NoTB.    If  the  motor  is  not  loaded,  it  will  race. 


aie 


92    MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY 


Kemedy.  a  broken  or  short  circuit  or  a  ground  is  easily 
repaired  if  external  or  accessible.  If  it  is  internal,  the  only 
reinody  is  to  replace  or  rewind  the  faulty  coil.  A  shuAt  motor 
will  spark  badly  in  starting  if  the  armature  is  conftected  before 
the  field.  This  can  be  remedied  by  adjusting  the  contacts  and 
switch-arm.  If  the  voltage  is  too  low  on  the  circuit,  it  may  cause 
sparking  in  a  shunt  dynamo  or  motor;  and  if  the  voltage  cannot 
be  raised,  the  resistance  of  the  field  circuit  should  be  reduced  by 
unwinding  a  few  layers  of  wire  or  by  substituting  other  coils 
(See  YII,  VIII,  IX,  and  X.) 

Cause  0.     Vibration  of  Machine. 

Symptom.  Considerable  vibration  is  felt  when  the  hand  is 
placed  upon  the  machine,  and  sparking  decreases  if  the  vibration 
is  reduced. 

Remedy.  The  vibration  is  usually  due  to  an  imperfectly  bal- 
anced armature  or  pulley  (see  VI,  1),  to  a  bad  belt  (see  YI,  6),  or 
to  unsteady  foundations;  and  the  remedies  described  for  these 
troubles  should  be  ap])lied. 

Any  considerable  vibration  is  likely  to  produce  sparking,  of 
which  it  is  a  common  cause.  Tliis  sparking  can  be  reduced  by 
increasing  the  pressure  of  the  brushes  on  the  commutator;  but  the 
vibration  itself  should  be  overcome. 

Cause  10.    Chatter  of  3rust|es, 

The  commutator  sometimes  becomes  sticky  when  carbon 
brushes  are  used,  causing  friction,  which  throws  the  brushes  into 
rapid  vibration  as  the  commutator  revolves,  similar  to  the  action 
of  a  violin  bow. 

Symptom.     Slight  tingling  or  jarring  is  felt  in  brushes. 

Remedy.     Clean  commutator,  and  oil  slightly. 

Cause  11.     Flying  br^ak  in  iirmattire  con4t|ctor« 

Symptom.  No  break  found  by  test  with  armature  standing 
atill,  but  break  shown  by  flashing  at  brushes,  when  running,  being 
usually  due  to  centrifugal  force. 

Kemedy,  Tighten  connections  to  commutator,  or  repair 
proken  wire,  etc. 

BXCBSSIVB  HBATINQ  IN  OBNERATOR  OR  JlOTQft. 

General  Instructions.  The  degree  of  heat  that  is  injurious 
or  objectionable  in  a  generator  or  motor  is  easily  determined  by 
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feeling  the  various  pafts.  If  the  heat  is  bearable  to  the  hand,  it 
is  entirely  harmless;  but  if  unbearable,  the  safe  limit  of  tempera- 
ture has  been  approached  or  passed,  and  the  heat  should  be  reduced 
in  some  of  the  ways  that  are  indicated  below.  In  testinjr  with  the 
hand,  allowance  should  bo  made  for  the  fact  that  bare  metal  feels 
much  hotter  than  cotton  at  the  same  temperature.  The  back  of 
the  hand  is  more  sensitive  than  the  j)alm  for  this  test.  If  the  heat 
has  become  so  great  as  to  produce  an  odor  or  smoke,  tlie  safe  limit 
has  been  far  exceediMl,  and  the  current  should  bo  shut  off  immedi- 
ately and  the  machine  stopped,  as  this  indicates  a  serious  trouble, 
such  as  a  short-circuited  coil  or  tight  bearing.  The  machine  should 
not  again  be  started  until  the  cause  of  the  trouble  has  been  found 
and  positi\'ely  overcome.  Of  course,  neither  water  nor  ice  should 
ever  be  used  to  cool  electrical  machinery,  except  ])ossibly  the  bear- 
ings of  large  machines  at  j)oints  where  they  can  be  applied  without 
danger  of  wetting  the  other  parts. 

Feeling  for  heat  will  serve  as  a  nmgh  test  to  detect  excessive 
temperatures  or  in  emergencies;  but,  of  course,  the  sensitiveness  of 
the  hand  varies,  and  it  makes  a  great  difference  whether  the  sur- 
face is  a  good  or  bad  conductor  of  heat.  The  proper  and  reliable 
methods  for  determining  rise  in  temjierature  are  given  on  page 
59,  Part  I. 

It  is  very  important,  in  all  cases  of  heating,  to  locate  the 
.source  of  heat  in  the  exact  part  in  which  it  is  produced.  It  is.i* 
common  mistake  to  suppose  that  any  part  of  A  machine  that  is 
found  to  be  hot  is  the  seat  of  the  trouble.  A  hot  bearing  may 
cause  the  arniature  or  commutator  to  heat,  or  vice  versa.  In  every 
cAse  All  parts  of  th0  machine  should  be  tried  to  find  which  is  the 
hottest,  since  heat  generated  in  one  part  is  rapidly  diffused  through- 
out the  entire  machine.  It  is  better  to  make  observations  for  heat- 
ing by  starting  with  the  whole  machihe  cool,  which  is  done  by 
letting  it  stand  for  several  hours. 

II.    HEATING  OF  COMMUTATOR  AND  BRUSHES. 

('avsr  1.     Heat  Spread  from  another  part  of  machine. 

Symffom.  Start  with  the  machine  cool,  and  run  for  a  short 
time,  so  that  heat  will  not  have  time  to  spread.  Tlie  real  seat  of 
trouble  is  the  part  that  heats  first. 

Remedy.     (Bee  Heating  of  Armature,  Fields,  and  Bearings.) 


221 


94    IVIANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY 


CausjK  2.  Sparking.  Any  of  the  causes  of  sparking  will 
cause  heating,  which  may  be  slight  or  serious. 

Symffom  and  Remedy.     See  "  Sparking." 

Cause  3.  Tendency  to  spark,  or  slight  sparking  hardly 
visible. 

Sometimes  before  sparking  ap{)ears,  serious  heating  is  pro- 
duced by  the  causes  of  sparking,  such  as  the  short-circuiting  of 
the  coils  as  their  commulatur-bars  pass  under  the  brushes. 

Symitqm.  Reduced  by  applying  the  principal  remedies  for 
sparkijjg,  such  as  slightly  shifting  rocker-arm.  Fine  sparks  may 
be  found  by  siixhtintr  in  exact  line  with  the  surface  of  contact 
between  the  commutator  and  brushes. 

Remedy.  (See  ''Sparking.")  -^pply  the  remedies  with 
extra  eare.  This  iuci[)ient  sj marking  may  be  due  to  excessive  in- 
ductance in  the  armature  coils,  which  can  be  corrected  only  by 
reconstruction;  or  it  may  be  due  to  insufficient  field  strength,  and 
this  can  be  cured  by  increasing  the  amjMLM'O-turns  of  field  winding. 

Cause  I.  Overheated  commutator  will  decompose  carbon 
brush. 

The  eifect  is  to  cover  commutator  with  a  black  film  which 
offers  resistance  and  airtrravates  the  heat. 

Symitom.  Commutator  covered  with  dark  coating;  commu- 
tator, brushes  and  holders  show  marks  of  abnormal  heat. 

Hemedy.  Commutator  and  brushes  should  be  carefully 
cleaned,- and  the  latter  ad  justed  to  make  good  contact  at  the  proper 
points. 

Cause  5.     Bad  connections  in  brush-holder,  cable,  etc. 

Symptom.  Holder,  cable,  etc.,  feel  hottest;  unusual  resistance 
found  in  these  parts  by  "drop  method." 

Remedy.     Improve  the  con nt^ct ions. 

Cause  G.     Arcing  or  short  circuit  in  commutator. 

This  may  occur  across  mica  or  insulation  between  bars  or 
nuts. 

Symptom.  Burnt  spot  between  parts;  spark  appears  in  the 
insulation  when  current  is  put  on. 

Remedy.  Pick  out  the  charred  particles;  take  commutator 
apart  and  repair;  or  put  on  new  commutator. 

Cause  7.     Carbon  brushes  heated  by  the  current. 
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Carbon  brushes  require  less  attention  than  copper,  because 
they  do  not  cut  the  commutator,  and  their  resistance  usually  re- 
duces sparking,  but  it  may  also  cause  them  to  heat. 

SvAirroM.     Brashes  hotter  than  other  p&rts* 

Remedy.  Use  carbon  of  higher  conductivity.  Let  the 
brush -holder  grip  brush  closer  to  commutator,  so  as  to,. reduce  the 
length  of  brush  through  which  the  current  must  pass.  Keinforce 
the  brush  with  copper  gauze  or  sheet  copper.  Use  larger  brushes 
or  a  greater  number. 

III.    HEATING  OF  ARMATURE. 

Cause  1.     Excessive  current  in  armature  coils. 

SYMPTOMand  Kemedy  the  same  as  in  case  of  "  Sparking,'* 
Cause  1. 

Cause  2.     Short-circuited  armature  coils. 

Symptom  and  Kemedy  the  same  as  in  case  of  "  Sparking;" 
Cause  6.     See  also  Cause  7. 

Cause  3.     rioisture  in  armature  coils. 

Sympiom.  Armature  requires  considerable  power  to  run  free. 
Armature  steams  when  hot,  or  feels  moist.  This  is  really  a 
special  case  of  Cause  2,  as  moisture  has  the  effect  of  short-circuit- 
ing the  coils  through  the  insulation.  Measure  insulation  resist- 
ance of  armature  ;  this  should  test  at  least  one  megohm  if  arma- 
ture is  in  good  condition,  but  would  be  much  lowered  by  mois- 
ture. ^  (See  "  Insulation  Tests.") 

Remedy.  The  armature  should  be  baked  for  5  to  10  hours 
in  an  oven  or  other  place  suflSciently  warm  to  drive  out  the  mois- 
ture, but  not  hot  enough  to  run  any  risk  of  burning  or  even 
slightly  charring  the  insulation.  A  neat  way  to  do  this  is  to  pass 
through  the  armature  a  current  regulated  to  bo  about  three  quar- 
ters of  the  rated  armature  current,  the  armature  being  held  still 
or  turned  over  occasionally. 

Cause  4.     Poucault  currents  in  armature  core. 

Symptom.     Iron  of  armature  core  hotter  than  coils  after  a 

short  run,  and  considerable  power  required  to  run  armature  when 

Note.    Any  excess  of  current  taken  hj  an  armature  when  running /ree, 
whatever  the   cause,  must  bo   converted  into  heat  by  some  defect  in  the 
motor;  hence  the  **free  current''  is  the  simplest  and  most  complete  test  of  the 
efficiency  and  perfect  condition  of  the  machin*^- 
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field  is  magnetized  and  there  is  no  load  on  armature.  This  can 
be  distinguished  from  Cause  2  by  absence  of  sparking  and  absepce 
of  excessive  heat  in  a  particular  coil  or  coils  aftar  a  short  run, 
(See  "  Stray  Power  Tests.")  ' 

Kemedv.  Armature  core  should  be  laminated  more  perfectly, 
which  is  a  matter  of  first  construction. 

Cause  5.  One  or  more  reversed  coils  on  one  side  ol 
armature.  This  will  cause  a  local  current  to  circulate  around 
armature. 

Symptom.  Excessive  current  when  running  free,  but  no  par- 
ticular  coil  heated  more  than  others.  If  a  moderate  current  is 
applied  to  each  coil  in  succession  by  touching  wires  carrying 
current  to  each  two  adjacent  commutator-bars,  a  compass  needle 
held  over  the  coils  will  behave  differently  when  the  reversed  coil 
is  reached.  In  a  motor  the  half  of  armature  containing  the  re- 
versed coils  is  heated  more  than  tlie  other. 

Kemedy.     Reconnect  the  coil  to  afrree  with  the  others. 

Cause  (>.     Heat  conveyed  from  other  parts. 

Symitom.  Other  parts  hotter  than  armature.  Start  with 
tnachine  cool,  and  see  if  other  parts  heat  first. 

Remedy.     See  Heatinor  of  Bearinixs,  Field  and  Commutator. 

Cause  7.     Flying:  cross  in  armature  conductor. 

Sy'mptom  and  Remedy  similar  to  the  case  of  sparking  (Cause 
11),  except  that  reference  here  is  to  the  insulation  of  the  con- 
ductors. 

iV.     HEATINQ  OF  FIEI-D  MAGNETS. 

Cause  1.     Excessive  current  in  field  circuit. 

SYMrroM.  Field  coils  too  liot  to  keep  the  hand  on.  Their 
temperature  more  than  50 X)  above  that  of  room  by  resistance  test 
or  by  thermometer. 

Remedy.  In  the  case  of  a  shunt- wound  machine,  decrease 
the  voltage  at  terminals  of  field  coils;  or  Increase  the  resistance  in 
field  Circuit  by  winding  on  more  wire  or  putting  resistance  in  series. 
In  the  case  of  a  series-wound  machine,  shunt  a  portion  of,  or  other- 
wise decrease,  the  current  passing  through  field;  or  take  a  layer  or 
more  of  wure  off  the  field  coils;  or  rewind  with  coarser  wire.  This 
trouble  might  be  due  to  a  short  circuit  in  field  coils  in  the  case  of 
a  shunt- wound  dynamo  or  motor,  and  would  be  indicated  by  the 
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pole  piece  with  the  short-circuited  coil  being  weaker  than  the 
others.  This  coil  is  cooler  than  the  others;  in  fact,  if  completely 
short-circuited,  it  is  not  heated  at  all.  This  condition  can  be  renn- 
edied  only  by  rewinding  the  short-feircuited  coil.  Measure  resist- 
ance of  the  field  coils  to  see  if  they  are  nearly  equal.  (See  "  drop 
method.")  If  the  difference  is  considerable  (say^  more  than  5  or 
10  per  cent),  it  is  almost  a  sure  sign  that  one  coil  is  short-circuited 
or  double-grounded. 

Cause  2.     t^oUcault  currents  In  {Mle  pieces  or  field  cores. 

Symptom.  The  pole  pieces  hotter  than  the  coils  after  a  short 
run.  When  making  the  comparison,  it  is  necessary  to  keep  the 
hand  on  the  coils  some  time  before  the  full  effect  is  reached,  be- 
cause the  coils  are  insulated  and  the  pole  pieces  are  bare  metal,  and 
even  then  the  coils  will  not  feel  so  hot,  although  their  actual  tem- 
perfctiire  may  be  higher  if  measured  by  a  thermometer. 

Kemedt.  This  trouble  is  due  to  faulty  design  of  toothed- 
armattire  machines,  which  cati  be  corrected  only  by  rebuilding,  or 
is  cfeused  by  fluctuations  in  the  current.  The  ktter  cah  be  de- 
tected, if  the  variations  are  not  too  rdpid,  by  putting  an  ammeter 
in  circuit;  or  rapid  variations  niay  be  felt  by  holding  a  piece  of 
iron  near  the  pole  pieces,  and  noting  whether  it  vibrates.  In  the 
Case  df  an  alternating  current  it  is  necessary  to  use  laminated 
fields  to  avoid  great  heating. 

Cause  3.     Moisture  In  field  eoiifti 

Symptom.  The  field  circuit  tests  loWer  in  resistance  than 
normal  in  that  type  of  machine;  and  in  the  case  of  shunt-wound 
machines,  the  field  takes  more  thah  the  ordinary  current.  Field 
coils  steam  when  hot,  or  feel  moist  to  hand.  The  insulation 
resistance  also  tests  low. 

Eemedy.     The  same  as  for  moisture  iti  armature  (III,  3). 

V.     HEATING  OF  BEARINGS. 

The  cause  should  be  found  and  removed  promptly,  but  heat- 
ing of  the  bearings  can  be  reduced  temporarily  by  applying  cold 
water  or  ice  to  them.  This  is  allowable  only  When  absolutely 
necessary  to  keep  running;  and  great  care  should  be  taken  not  to 
allow  ahy  water  to  get  upon  the  commutator,  armature,  or  field- 
coils,  as  it  might  short-circuit  or  ground  them.     If  the  bearing  is 
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very  hot,  the  shaft  should  be  ke])t  revolving  slowly,  as  it  might 

"  freeze,"  or  stick  fast,  if  stopped  entirely- 

Cause  1.     Lack  of  oil. 

Symptom.     Oil-cup  reservoir  empty.     Oil  passages  clogged. 

Self-oiling  rings  stick  fast.     Shaft  and  bearing  look  diy.     The 

shaft  does  not  turn  freely. 

Kemedy.     Supply  oil,  and  make  sure  that  oil  passages  as  well 

as  feeding  or  self-oiling  devices  workfreely, 

and  that  the  oil  cannot   leak  out.     This 

_  last  fault  sometimes  causes  oil  to  fail  sooner 

Fig.  63.  ,  ,     ,  4  :,         1. 

than  attendant  expects.     A   good  quality 

of  oil  should  always  be  used,  as  ])oor  oil  might  be  as  bad  as  no  oil. 

Cause  2.     Qrit  or  other  foreign  matter  in  bearings. 

Symitom.  Best  detected  by  removing  shaft  or  bearing  and 
examining  both.  Any  grit  can  of  course  be  felt  easily,  and  will 
also  cut  the  shaft. 

Kkmedy.  liemove  shaft  or  bearing,  clean  both  very  care- 
fully, and  see  that  no  grit  can  get  in.  Place  machine  in  dustless 
place  or  box  it  in.  The  oil  should  be  perfectly  clean;  if  not,  it 
should  be  filtered.  If  it  is  not  ])ossible  to  stop  the  machine  or  to 
remove  the  shaft,  the  dirt  may  be  washed  out  wnth  kerosene  or 
water;  but  these  should  not  be  allowed  to  get  on  the  commutator, 
armature,  or  field  coils. 

Cause  3.     Shaft  rough  or  cut.     (I^ig*  63.) 

Symitom.  Shaft  will  show  grooves  or  roughness,  and  will 
probably  revolve  stitfly. 

Remedy.  Turn  shaft  in  lathe;  or  smooth  with  fine  file;  and 
see  that  bearinfj  is  smooth  and  fits  shaft. 

Cause  4.     Shaft  and  bearing  fit  too  tight. 

Symptom.     Shaft  hard  to  revolve  by  hand. 

Remedy.  Turn  or  file  down  shaft  in  lathe,  or  scrape  or  ream 
out  bearings. 

Cause  5.     5haft  ••  sprung "  or  bent. 

Symitom.  Shaft  hard  to  revolve,  and  usually  sticks  much 
more  in  one  part  of  revolution  than  in  another. 

Remedy.  It  is  very  diflicult  to  straighten  a  bent  shaft.  It 
might  be  bent  back  or  turned  true,  but  probably  a  new  riiaft  will 
be  necessary. 
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Cause  0.     Bearings  out  of  line. 

Symptom.  Shaft  hard  to  revolve,  but  is  much  relieved  by 
slightly  loosening  the  screws  that  hold  bearings  in  place,  when 
machine  is  not  running  and  when  belt,  if  any,  is  taken  off. 

Remedy.  Loosen  the  bearings  by  partly  unscrewing  bolts 
or  screws  holding  them  in  place,  and  find  their  easy  and  true 
position,  which  may  require  one  of  them  to  be  moved  either  side- 
ways. or  up  or  down;  then  file  the  screw-holes  of  that  bearing,  or 
raise  or  lower  it,  as  may  be  necessary,  to  make  it  occupy  the  right 
position  when  the  screws  are  tightened.  The  armature,  however, 
must  be  kept  in  the  center  of  the  space  between  the  pole  pieces, 
so  that  the. clearance  is  uniform  all  around.     (See  Cause  9.) 

Cause  7.  Tlirust  or  pressure  of  pulley,  collar,  or  shoulder 
on  shaft  ag^ainst  one  or  both  of  the  bearinj^s. 

Symptom.  Move  shaft  back  and  forth  with  a  stick  applied  to 
the  end  while  revolving,  and  note  if  the  collar  or  shoulder  tends 
to  be  pushed  or  drawn  against  either  bearing.  It  is  usually  de- 
sirable that  a  shaft  should  move  freely  back  and  forth  about  an 
eighth  of  an  inch,  to  make  commutator  and  bearings  wear 
smoothly. 

Kemedy.  Line  up  the  belt;  shift  collar  or  pulley;  turn  off 
shoulder  on  shaft,  or  file  off  bearing,  until  the  shoulder  does  not 
touch  when  running,  or  until  pressure  is  relieved. 

Cause  8.     Too  great  a  load  or  strain  on  the  belt. 

Symptom.  Great  tension  on  belt.  In  this  case  the  pulley 
bearing  will  probably  be  very  much  hotter  than  the  other,  and 
also  worn  elliptical,  as  indicated  in  Fig.  04,  in  which  case  the  shaft 
can  be  shaken  in  the  bearing  in  the  direction  of  the  belt  pull,  when 
the  belt  is  off,  provided  the  machine  has  been  running  long  enough 
to  wear  the  bearings. 

Remedy.  Keduce  load  or  belt  tension,  or  use  larger  pulleys 
and  lighter  belt,  so  as  to  relieve  side  strain  on  shaft.     (See  "  Belt- 

i"K-") 

Cailsk  9.     Armature  too  near  one  pole  piece,  producing  much 

S^reater  mag^netic  attraction  on  nearer  side. 

Symptom.  Examine  the  clearance  of  armature  to  see  if  it  is 
uniform  on  all  sides.  Charge  and  discharge  the  field  magnet,  the 
armature  being  disconnected  (by  putting  wood  under  the  brushes)  j 
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and  note  whether  armature  eeems  to  be  drawn  to  one  side  and 
tutns  very  il]uch  less  easily  when  field  is  magnetized. 

EeMedy.  This  fault  is  due  either  to  a  defect  in  the  original 
construction,  or  to  wear  in  the  bearings,  either  of  which  is  difficult 
to  correct;  but  in  cases  of  necessity  the  armature  can  be  centered 
exactly  in  the  field  by  moving  the  bearings,  which  may  be  done  by 
carefully  filing  the  holes  through  which  the  screws  pass  that  hold 
the  bearihgsin  place  j  or  the  pole  piece  may  be  filed  away  where 
it  is  too  near  the  armature. 

Trouble  from  this  cause  is  greater  in  multipolar  than  in  bi- 
polar machines,  and  always  tends  to  become  aggi-avated,  because 
the  more  the  side  pull  the  more  the  bearings  wear  in  that  direc- 
tion. If,  on  the  other  hand,  the  armature 
is  in  the  center  of  the  space  formed  by  the 
pole  pieces,  the  magnetic  pull  is  practically 
balanced  in  all  directions. 

It  is  risky  to  file  bolt-holes  or  make  any 
such  change  in  a  machine;  and  this  should 
never  be  attempted  before  consulting  an  ex- 
perienced machinist.  Very  often  the  trouble 
is  due  to  the  parts  being  out  of  place  merely 
because  they  have  not  been  put  together  right 
or  because  there  is  dirt  between  thetn.  If  the  bearing  is  worn,  it 
may  be  rebabbitted  or  renewed. 

Causb  10.  Bearing  heated  by  hot  pulley,  commut&tor,  or 
armature. 

Symfiom.  Pulley,  armature,  or  commutator  hotter  than  bear- 
ing. The  slipping  of  the  belt  on  the  pulley,  sparking  at  the  commu- 
tator, or  heating  of  the  armature  may  heat  one  or  both  bearings  of 
the  machine,  in  which  case  an  examination  will  show  that  these 
parts  are  hotter  than  the  bearing,  and  the  real  source  of  the  trouble. 
Remedy.  A  slipping  belt,  sparking  commutator,  or  hot 
armature  can  be  cured  as  described  under  these  headings,  and  then 
the  bearing  will  probably  cease  to  heat. 

Vl.    NOISY  OPERATION. 

Cause  1*  Vibration  due  to  armature  or  pulley  being  out 
Of  balailee* 


Fig.  64. 
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Symptom.  Strong  vibration  felt  when  the  hand  ia  placed 
upon  the  machine  while  it  is  running.  Vibration  changes  greatly 
if  speed  is  changed,  and  sometimes  almost  disappears  at  certain 
speeds. 

Kehedy.  Armature  or  pulley  must  be  perfectly  balanced 
by  securely  attaching  lead  or  other  weight  on  the  light  side,  or  by 
drilling  or  filing  away  some  of  the  metal  on  the  heavy  side.  The 
easiest  method  of  finding  in  which  direction  the  armature  is 
out  of  balance  is  to  take  it  out,  and  to  rest  the  shaft  on  two 
parallel  and  horizontal  A-shaped  metallic  tracks  sufficiently  far 
apart  to  allow  the  armature  to  go  between  them  (Fig.  65).  If  the 
armature  is  then  slowly  rolled  back  and  forth,  the  heavy  side 
will  tend  to  turn  downward.  The  armature  and  pulley  should 
always  be  balanced  separately.  An  excess  of  weight  on  one 
side  of  the  pulley  and  an  equal  excess  of  weight  on  the  op- 
posite side  of  the  armature  will  not  produce  a  balance  while 
running,  though  it  does  when  standing  still;  on  the  contrary, 
it  will  give  the  shaft  a  strong  tendency  to  "  wobble."  A  perfect 
balance  is  obtained  only  when  the  weights  are  directly  opposite, 
?.<?.,  in  the  same  line  perpendicular  to  the  shaft. 

Cause  2.     Armature  strike  or  rubs  against  pole  pieces. 

Symptom.  Easily  detected  by  plaQing  the  ear  near  the  pole 
pieces;  or  by  examining  armature  to  see  if  its  surface  is  abraded 
at  any  point;  or  by  examining 
each  part  of  the  space  between 
armature  and  field  as  armature  is 
slowly  revolved,  to  see  if  any  por- 
tion of  it  touches  or  ia  so  close 
as  to  be  likely  to  touch  when  the 
mac^in^  i*J  running.       In  small  Pig.  65. 

machines,  the  armature  may  be 
turned  by  hand,  noting  whether  it  sticks  at  any  point. 

ilEMEDY.  Bind  down  any  wire  or  other  part  of  the  armature 
that  may  project  abnormally;  or  file  out  the  pole  pieces  where  the 
armature  strikes;  or  center  the  armature  so  that  there  is  a  uniform 
clearance  between  it  and  the  pole  pieces  at  all  points. 

Cause  3.  5lialt  collar  or  shoulder,  hub  or  ed|:e  of  pulley,  or 
belt»  strikes  or  scrapes  ajj^ainst  bearings. 
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Symitcim.  liattling  noise,  wliicli  stops  when  the  shaft  or 
pulley  is  pushed  lengthwise  away  from  one  or  the  other  of  the 
bearings.     (See  ''  Heating  of  Bearings,"  Cause  7.) 

Eemedy.  Shift  the  collar  or  j)ulley,  turn  off  the  shoulder  on 
the  shaft,  file  or  turn  off  the  tearing,  move  the  pulley  on  the  shaft, 
or  straighten  the  belt,  until  there  is  no  more  striking,  and  the 
noise  ceases. 

Cause  4.     Rattlinf^  due  to  looseness  of  screws  or  other  parts. 

Symitom.  Close  examination  of  the  bearings,  shaft,  pulley, 
screws,  nuts,  binding-posts,  etc.,  or  touching  the  machine  while 
running,  or  shaking  its  parts  while  standing  still,  shows  that  some 
parts  are  loose. 

Kemedy.  Tighten  uj)  the  loose  parts,  and  be  careful  to  keep 
them  all  properly  set  up.  It  is  easy  to  guard  against  the  occur- 
rence of  this  trouble,  which  is  very  common,  by  simply  examining 
the  various  screws  and  other  parts  each  day  before  the  machine  is 
started.  Electrical  machinery  being  usually  high-speed,  the  parts 
are  j)articularly  liable  to  shake  loose.  A  worn  or  poorly  fitted 
bearing  might  allow  the  shaft  to  rattle  and  make  a  noise,  in  which 
case  the  bearing  should  be  refitted  or  renewed. 

Cavse  5.  Singling  or  hissinj^  of  brushes.  This  is  usually 
occasioned  by  rough  or  sticky  commutator  (see  "  Sparking,'* 
Clauses    3   and  10),  or  by  brushes 

not  being  smooth,  or  by  the  layers   k.,--^-^^^-  ir^j^^^A^s  .-..-j.^^^.^^^-n 
of  a  copper  brush  not  being  held  to- 
gether and  in  place.     With  carbon    f  — ' —  *!■  ""^ 
brushes,  hissing  will  be  caused  by                 -     Fig.  66. 
the  use  of  carbon  that  is  gritty  or 

too  hard.    Vertical  carbon  brushes,  cr  brushes  inclined  against  the 
*  direction  of  rotation,  are  liable  to  squeak  or  sing.     Occasionally,  a 
new  machine  will  make   noise  that  is  reduced  after  the  machine 
has  been  run  for  some  time. 

Symptom.  Sound  of  high  pitch,  and  easily  located  by  placing 
the  ear  near  the  commutator  while  it  is  running,  and  by  lifting 
off  the  brushes  one  at  a  time,  provided  there  are  two  or  more  in 
each  set,  so  that  the  circuit  is  not  opened.  If  there  is  no  current 
there  is  no  objection  to  raising  the  brushes. 

Remedy.     Apply  a  ven/  little  oil  or  vaseline  to  the  comma- 
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tator  with  the  finger  or  a  rag.  Adjust  the  brushes  or  smooth  the 
coiumutator  by  turning  or  iiling,  or  by  using  fine  sandpaper,  being 
careful  to  clean  thoroughly  afterwards.  Carbon  brushes  are  liable 
to  squeak  in  starting  up  or  at  low  speed.  This  decreases  at  full 
speed,  and  can  generally  be  stopped  by  moistening  the  brushes 
with  oil,  care  being  taken  not  to  have  any  drops  or  excess  of  oil. 
Shortening  or  lengthening  the  brushes  sometimes  stops  the  noise. 
Running  the  machine  without  load  for  some  time  usually  reduces 
this  trouble. 

(^ArsE  6.  Flapping^'  or  pounding^  of  belt  joint  or  lacing 
against  pulley.      (I^'ig-  ^^-) 

Symptom.  Sound  repeated  once  for  each  complete  revolution 
of  the  l>elt,  which  is  much  less  frequent  than  any  other  generator 
or  motor  sound,  and  can  easily  be  detected  or  counted. 

Remedy.     Endless  belt  or  smoother  joint.     (See  *'  Belting.") 

(\\L8E  7.     Slipping  of  belt  on  pulley  due  to  overload. 

Symitom.     Intermittent  squeaking  noise. 

Remedy.  Tighten  the  belt  or  reduce  the  load.  A  wider 
l>elt  or  larger  pulley  may  be  required.  Powdered  rosin  may  be 
put  on  the  belt  to  increase  its  adhesion  ;  but  it  is  a  makeshift,  in- 
jurious  to  the  belt,  to  be  adopted  only  if  necessary.  (See 
**  Belting.- ) 

Cause  8.  Humming  of  armature-core  teeth  as  they  pass 
pole-pieces. 

SYMFroM.  Pure  humming  sound  less  metallic  than 
Cause  5. 

Remedy'.  Slope  or  chamfer  the  ends  of  the  pole  pieces  so 
that  each  armature  tooth  does  not  pass  the  edge  of  the  pole  piece 
all  at  once.  Decrease  the  magnetization  of  the  fields.  Increase 
the  air-gap  or  reduce  the  distance  between  the  teeth.  But  these 
are  nearly  all  matters  of  first  construction  and  are  made  right  by 
good  manufacturers. 

Cause  9.  Humming  due  to  alternating  or  pulsating 
current. 

Symptom  This  gives  a  sound  similar  to  that  in  the  preced- 
ing  case.  The  two  can  be  distinguished,  if  necessary,  by  determ- 
ining whether  the  note  given  out  corresponds  to  the  number  of  al- 
ternations, or  to  the  number  of  armature  teeth  passing  per  second. 
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Usually  the  latter  is  considerably  greater  than  the  fonnet*. 

Kkmedy.     This  trouble  is  confined  to  alternating  apparatus, 

and  its  effects  can  be  reduced  by  proper  design  and  by  mounting 

the  machine  so  as  to  deaden  the  sound  as  far  as  possible. 

It  often  happehs  that  n  generator  or  motor  seems  to  mako  a  noise, 
\^bicli  in  reality  is  caused  by  the  enjfine  or  other  machine  with  which  it  is 
connected.  Careful  listening  with  the  ear  close  to  the  different  parts  will 
show  exactly  where  the  noise  orif^inates.  A  very  sensitive  method  of  locating 
a  noise  or  vibration  is  to  hold  a  short  stick  by  one  end  between  the  teeth,  and 
press  the  other  end  wiuarely  against  the  several  parts,  to  ascertain  which 
particular  one  gives  the  greatest  vibration. 

VII.    SPEED  TOO  HIGH  OR  TOt)  LOW. 

This  is  generally  a  serious  matter  in  either  generator  or  motor, 
and  it  is  always  desirable  and  often  imperative  to  shut  down  im- 
mediately, and  make  a  careful  investigation. 

SPEED  TOO  LOW. 

Cause  1.     Overload.     (See  "  Sparking,"  (  ause  1.) 

Symptom.  Armature  runs  more  slowly  than  usual.  Bad 
sparking  at  commutator.  Ammeter  indicates  excessive  current. 
Armature  heats.     Belt  very  tight  on  tension  side. 

Remedy.  Reduce  the  load  on  machine,  decrease  the  diameteh 
of  driving  pulley,  or  increase  the  diameter  of  driven  pulley.  If 
necessary  to  relieve  strain  of  overload,  temporarily  decrease  the 
voltage  on  either  a  generator  or  a  motor. 

Caitsk  2.     Short  circuit  or  g^round  in  armature. 

Symptom  and  Remedy  the  same  as  in  case  of  '*  Heating  of 
Armature,  Cause  2  and  Cause  0. 

Cause  3.     Armature  strikes  pole  pieces. 

Symptom  and  Remedy  the  same  as  in  case  of  "  Xoise," 
Cause  2. 

Cause  4.     Shaft  does  not  revolve   freely  in  the  bearings. 

Symffom  and  Remedy  the  same  as  for  ''  Heating  of  Bearings,'* 
all  cases. 

SPEED  TOO  HIGH    OR  TOO   LOW. 

CAu^k  8.     Field  liiAgki^tism  weilk. 

This  has  the  effect^on  a  constant-voltage  cil-cuitj  of  making  a 
mt)tor  i"Un  too  fAst  if  lightly  loaded,  or  too  slow  if  heavily  loaded, 
olr  even  rlin  babkwards  if  the  field  magnet  is  not  excited  at  all,  ad^ 
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for  ai^ATiiple,  when  the  field  circuit  is  broJ^eQ.  Jt  m^kaa  a  genef^r 
tor  fail  to  *' build  up"  or  excite  its  flejd,  or  give  the  proper  voltage 
in  any  case. 

Sthptom  and  Ksv^dt  tbe  same  as  in  ca30  of  ^^Sparking," 
Cause  8.  (See  the  foUowipg  Cause;  also  "Dypamo  Fails  to  Gen- 
erate *) 

Cause  6.     Too  high  or  too  low  voltage  on  tli«  circuit- 

8ymptoh.  This  would  cause  a  motor  to  run  too  fast  or  too 
slow,  respectively.  It  can  be  shown  by  measuring  the  voltage  of 
the  circuit. 

liEHEDY.  The  central  station  or  generating  plant  should  be 
notified  that  voltage  is  not  right. 

SPEED  TOO  HIGH. 

Cause  7.     Motor  too  lightly  loaded. 

Symptom.  A  series-wound  motor  on  a  constant-potential  cir. 
cuit  runs  too  fast,  and  may  speed  up  to  the  bursting  point  if  the 
load  ia  very  much  reduced  or  removed  entirely  (by  the  breaking 
of  the  belt,  for  example). 

Remedy.  Care  should  be  exercised  in  using  a  series  motor 
on  a  constant-potential  circuit,  except  where  the  load  is  a  fan, 
jnimp,  or  other  machine  that  is  positively  connected  or  geared  to 
the  motor  so  that  there  is  no  danger  of  its  being  taken  off.  A 
shunt  motor  should  be  used  if  the  load  is  likely  to  be  thrown  off. 

VIII.    MOTOR  5T0PS  OR  FAILS  TO  START, 

This  is  an  extreme  case  of  the  previous  class  (('Speed  Too 
High  or  Too  Low"),  but  is  separated  because  it  is  more  definite 
and  permits  of  quicker  diagnosis  and  treatment.  This  heading 
does  not,  of  course,  apply  to  generators,  since  any  trouble  in 
setting  these  in  motion  is  usually  outside  of  the  machine  itself. 

Cause  1.     Great  overload. 

A  slight  overload  causes  motor  to  run  slowly,  but  an  extreme 
overload  will,  of  course,  stop  it  entirely  or  ^' stall"  it.  (See 
<'  Sparking,"  Cause  1.) 

Symptom.  On  a  constant-potential  circuit  the  current  is 
excessive,  and  safety-fuse  blows  or  circuit > breaker  opens.  In 
their  absence  or  failure,  armature  is  burnt  out, 

Bembdy.    Turn  oft  switch  instantly,  reduce  or  take  off  the 
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load,  replace  the  fuse  or  circuit- breaker,  if  necessary,  and  turn  on 
current  again  just  long  enough  to  see  if  trouble  still  exists;  if 
so,  take  off  more  load. 

Cause  2.  Very  excessive  friction  due  to  5haft,  bearings, 
or  other  parts  being  jammed,  or  armature  touching  pole  pieces. 

Symptom.     Similar  to  previous  case,  but  distinguished  from 

it  bv  the  fact  that  the  armature  is' hard  to  turn  even  when  load 

•I 

is  taken  off.  Examination  shows  that  the  shaft  is  too  large  or  is 
bent  or  rough,  that  the  bearing  is  too  tight,  that  the  armature 
touches  pole  pieces,  or  that  there  is  some  other  impediment  to 
free  rotation.     (See  '•  Heating  of  Bearings"  and  ''  Noise.") 

Rkmedy.  Turn  current  off  instantly,  ascertain  and  remove 
the  cause  of  friction,  turn  on  the  current  again  just  long  enough 
to  see  if  trouble  still  exists  ;  if  so,  investigate  further. 

Cause  8.     Circuit  open. 

This  may  be  due  to  (a)  safety- fuse  blown  or  circuit- breaker 
open  ;  (J)  wire  in  motor  broken  or  slipped  out  of  connections  ; 
(c)  brushes  not  in  contact  with  commutator  ;  (</)  switch  open  ; 
(e)  circuit  supplying  motor  open  ;  (J*)  failure  at  generating  plant. 

Symi*i'om.  Distinguished  from  ca^ises  1  and  2  by  the  fact 
that  if  the  load  is  taken  off,  the  motor  still  refuses  to  start,  and 
yet  armature  turns  freely. 

On  a  constant-potential  circuit  the  field  circuit  alone  of  a  shunt 
motor  may  be  open,  in  which  case  the  pole  pieces  are  not  strongly 
magnetic  when  tested  with  a  piece  of  iron,  and  there  is  a  danger- 
ously heavy  current  in  the  armature  ;  if  the  armature  circuit  is  at 
fault,  there  is  no  spark  when  the  brushes  are  lifted  ;  and  if  both 
are  without  current,  there  is  no  spark  when  switch  is  opened.  One 
should  be  very  careful  if  there  is  no  field  magnetism  or  even  if  it 
is  weak,  as  a  motor  is  liable  to  be  burnt  out  if  the  current  is  then 
thrown  upon  the  armature. 

Remedy.  Turn  current  off  instantly.  Examine  safety-fuse 
circuit-breaker,  wires,  brushes,  switch,  and  circuit  generally,  for 
break  or  fault.  If  none  can  be  found,  turn  on  switch  again  for  a 
moment,  as  the  trouble  may  have  been  due  to  a  temporary  stoppage 
of  the  current  at  the  station  or  on  the  line.  If  motor  still  seems 
dead,  test  separately  armature,  field  coils,  and  other  parts  of  circuit 
for  continuity  with  a  magneto  or  a  cell  of  battery  and  an  electric 
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bell,  to  see  if  there  is  any  break  in  the  circuit.  (See  ''  Instructions 
for  Testing.") 

One  of  the  simplest  ways  to  find  whether  the  circuit  has  cur. 
rent  on  it  and  to  locate  any  break,  is  to  test  through  an  incandes- 
cent lamp.  Two  or  five  lamps  in  series  should  be  used  on  220- 
and  500- volt  circuits,  respectively. 

Cause  4.  Wrong  connection  or  complete  short  circuit  of 
field,  armature,  switch,  etc. 

Symptc^m.  Distinguished  from  Causes  1  and  2  in  the  same 
way  as  Cause  3,  and  differs  from  Cause  3  in  the  evidence  of  strong 
current  in  motor. 

On  a  constant-potential  circuit,  if  current  is  very  great,  it  in- 
dicates a  short  circuit.  If  the  field  is  at  fault,  it  will  not  be 
strongly  magnetic. 

The  possible  complications  of  wrong  connections  are  so  great 
that  no  exact  rules  can  be  given.  Carefully  examine  and  make  sure 
of  the  correctness  of  all  connections  (see  Diagrams  of  Connections). 
This  trouble  is  usually  inexcusable,  since  only  a  comj)etent  person 
should  ever  set  up  a  machine  or  change  its  connections. 

In  the  3-wire  (220-volt  direct-current)  system,  several  peculiar 
conditions  may  exist,  as  follows: 

(a)  The  dynamo  or  dynamos  on  one  side  of  the  system  may 
become  reversed,  so  that  both  of  the  outside  wires  are  positive  or 
negative.  In  that  case  a  motor  fed.  in  the  usual  way  from  the  two 
outside  conductors  will  get  no  current,  but  lamps  connected  be- 
tween the  neutral  wire  and  either  of  the  outside  wires  will  burn 
as  usual. 

(J)  If  one  of  the  outside  wires  is  open  by  the  blowing  of  a 
fuse,  an  accidental  break,  or  other  cause,  then  a  motor  (220-volt) 
beyond  the  break  can  get  some  current  at  110  volts  through  any 
lamps  that  may  be  on  the  same  side  of  the  break  as  itself,  and  on 
the  same  side  of  the  system  as  the  conductor  that  is  open.  These 
lamps  will  light  up  when  the  motor  is  connected,  but  the  motor 
will  have  little  or  no  power  unless  the  number  of  lamps  is  large. 

(<?)  If  the  neutral  or  middle  wire  is  open,  a  motor  connected 
with  the  outside  wires  will  run  as  usual;  but  lamps  on  one  side  of 
the  system  will  burn  more  brightly  than  those  on  the  other  side, 
unless  the  two  sides  are  perfectly  balanced. 


885 


JOS  MANAGEMENT  OP  DYNAMO-ELECTRIC  MACHINERY 


(^7)  If  one  of  the  outside  wires  becomes  accidentally  ground- 
ed, a  110-volt  dynamo,  motor,  or  other  apparatus,  also  grounded 
and  connected  to  the  other  outside  wire,  will  receive  220  volts, 
which  will  probably  burn  it  out. 

IX.     DYNAMO  FAILS  TO  QENERATB. 

This  trouble  is  almost  always  caused  by  the  inability  of  a  dy- 
namo to  "excite"  or  '* build  up"  its  field-magnetism  sufficiently. 
The  proper  starting  of  a  self -exciting  dynamo  requir.es  a  certain 
amount  of  residual  magnetism,  which  must  be  increased  to  full 
strength  by  the  current  generated  in  the  machine  itself.  This 
trouble  is  not  likely  to  occur  in  a  separately-excited  machine;  and 
if  it  does  it  is  usually  due  to  the  exciter  failing  to  generate,  and 
therefore  amounts  to  the  same  thing. 

Cause  1.     Residual  magnetism  too  weak  or  destroyed. 

This  may  be  due  to  [a)  vibration  or  jar;  (5)  proximity  of  an. 
other  dynamo;  (r)  earth's  magnetism;  [d)  accidental  reversed 
current  through  fields,  not  enough  to  completely  reverse  magnet- 
ism. The  complete  reversal  of  the  residual  magnetism  in  any 
dynamo  will  not  prevent  its  generating,  but  will  only  make  it 
build  up  of  opposite  polarity.  Sometimes  reversal  of  residual 
magnetism  may  be  very  objectionable,  as  in  case  of  charging  stor- 
age batteries;  but,  although  the  popular  supposition  is  to  the  con- 
trary,  it  will  not  cause  the  machine  to  fail  to  generate. 

Symptom.  Little  or  no  magnetic  attraction  when  the  pole 
pieces  are  tested  with  a  piece  of  iron. 

Remedy.  Send  a  magnetizincr  current  from  another  machine 
or  battery  through  the  field  coils,  then  start  and  try  the  machine;  if 
this  fails,  apply  the  current  in  the  opposite  direction,  since  the 
magnets  may  have  enough  polarity  to  prevent  the  battery  building 
them  up  in  the  direction  first  tried. 

Shift  the  brushes  backward  in  a  generator,  or  forward  in  • 
motor  to  make  armature  magnetism  assist  field.  Turn  machine 
around  or  change  its  polarity,  so  that  the  magnetism  which  the 
earth  or  the  adjacent  machine  tends  to  induce  is  in  the  right 
direction.  Dynamos  should  be  placed  with  their  opposite  poles 
toward  each  other,  and  the  north  pole  of  a  machine  should  prefer- 
ably be  placed  toward  the  north  (which  is  magnetically  the  soiUh 
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pole  of  the  earth);  but  the  earth's  magnetism  is  hardly  strong 
enough  to  reverse  a  dynamo's  residual  magnetism. 

Cause  2.  Reversed  connections  or  r^v^rse  direction  of  rota- 
tion. 

Symiiom.  When  running,  pole  pieces  show  no  attraction  for 
a  piece  of  iron.  The  application  of  external  current  cannot  be 
made  to  start  the  machine,  as  in  case  of  (-ause  1,  because,  which- 
ever way  the  iield  nuiy  be  magnetized,  the  resulting  current 
generated  by  armature  opposes  and  destroys  the  magiu^tism. 

Kemedy.  [a)  lleverse  either  armature  connections  or  field 
connections,  but  not  both.  (J)  Move  brushes  through  180^  for 
2-pole,  90*^  for  i-pole  machines,  etc.  (c)  Reverse  direction  of  rota- 
tion. After  each  of  the  above  are  tried,  the  field  may  have  to  be 
built  up  with  a  battery  or  other  current,  since  the  causes  in  this 
case  operate  to  destroy  whatever  residual  magnetism  may  have 
been  present. 

Cause  3.     Short  circuit  in  tlie  machine  or  external  circuit. 

This  applies  to  a  shunt-wound  machine,  and  has  the  effect  of 
preventing  the  voltage  and  the  field  magnetism  from  building  up. 

Symptom.     Magnetism  weak,  but  still  quite  perceptible. 

Remedy.  If  the  short  circuit  is  in  the  external  circuit,  open- 
ing the  latter  will  allow  the  dynamo  to  build  up  and  generate 
full  voltage.  If  the  short  circuit  is  within  the  machine,  it  should 
be  found  by  careful  inspection  or  testing.  In  either  of  these  e^ses, 
do  not  connect  the  external  circuit  until  short  circuit  is  found  and 
eliminated.  A  slight  short  curcuit,  such  as  that  caused  by  a 
defective  lamp  socket  or  by  copper  dust  on  the  brush-holder  or 
commutator,  may  prevent  the  magnetism  of  a  shunt  machine  from 
building  up.  (See  ''Sparking,"  Causes  5  and  8.)  Too  many 
lamps,  or  other  load,  might  prevent  a  shunt  dynamo  from  building 
up  its  field  magnetism,  in  which  case  the  load  should  be  discon- 
nected in  starting. 

Cause  4.     Field-coils  opposed  to  each  other. 

Symptom.  Upon  passing  a  current  from  another  dynamo  of 
a  battery  the  following  symptom  will  exist :  If  the  pole-pieces  of  a 
bipolar  machine  are  approached  with  a  compass  or  other  freely 
suspended  magnet,  they  both  attract  the  same  end  of  the  maglie^ 
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showing  them  to  be  of  the  same  polarity,  whereas  they  should 
always  be  of  opposite  polarity. 

Fpr  similar  reasons  the  pole-pieces  are  magnetic  when  tested 
separately  with  a  piece  of  iron,  but  show  less  attraction  when  the 
same  piece  of  iron  is  applied  to  both  at  once,  in  which  latter  case 
the  attraction  should  be  stronger.  In  multipolar  machines  these 
tests  should  be  applied  to  consecutive  pole-pieces. 

Kemedy.  Keverse  the  connections  of  one  of  the  coils  in  order 
to  make  the  polarity  of  the  pole-pieces  opposite.  The  pole-pieces 
should  be  alternately  north  and  south  (when  tested  by  compass). 

Cause  5.     Open  circuit. 

This  may  be  due  to  (a)  broken  wire  or  faulty  connection  in 
machine;  (J)  brushes  not  in  contact  with  commutator;  (<?)  safety 
fuse  melted  or  absent;  [d)  switch  open;  {e)  external  circuit  open. 

Symptom.  If  the  trouble  is  merely  due  to  the  switch  or  ex- 
ternal  circuit  being  open,  the  magnetism  of  a  shunt  dynamo  may 
be  at  full  strength,  and  the  machine  itself  may  be  working  perfect- 
ly; but  if  the  trouble  is  in  the  machine,  the  field  magnetism  will 
probably  be  very  weak. 

Remedy.  Make  very  careful  examination  for  open  circuit;  if 
not  found,  test  separately  the  field-coils,  armature,  etc.,  for  contin- 
uity, with  magneto  or  cell  of  battery  and  electric  bell.  (See  "In- 
structions for  Testing;"  also  "  Motor  Stops,"  etc..  Cause  3.) 

A  break,  poor  contact,  or  excessive  resistance  in  the  field  cir- 
cuit or  regulator  of  a  shunt  dynamo  will  also  make  *he  magnetism 
weak  and  prevent  its  building  up.  This  may  be  detected  and 
overcome  by  cutting  out  the  rheostat  for  a  moment  by  connecting 
th3  two  terminals  of  the  field-coils  to  the  two  brushes  respectively, 
care  being  taken  not  to  make  a  short  circuit. 

A  break  or  abnormally  high  resistance  anywhere  in  the  circuit 
of  a  series-wound  dynamo  will  prevent  it  from  generating,  since 
the  field-coil  is  in  the  main  circuit.  This  may  be  detected  and 
overcome  by  short-circuiting  the  machine  for  a  moment  in  order 
to  start  up  the  magnetism. 

Either  of  these  two  remedies  by  short-circuiting  should  be 
applied  very  carefully,  and  not  until  the  pole -pieces  have  been 
tested  with  a  piece  of  iron  to  make  sure  that  the  magnetism  is 
weak. 
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Cause  6.     Brushes  not  in  proper  position. 

Symffom.  The  magnetism  and  current  are  increased  by 
shifting  the  brushes. 

Kemedt.  It  often  happens  that  the  brushes  are  not  set  at  the 
proper  point;  in  fact,  they  may  be  set  exactly  wrong,  so  that  the 
dynamo  is  incapable  of  generating  any  current  whatever.  This 
trouble  is  mainly  due  to  the  fact  that  the  proper  position  for  the 
brushes  is  not  the  same  for  all  kinds  of  machines.  Almost  all 
ring  armatures  and  many  drum  armatures  require  the  brushes  to 
be  set  opposite  the  spaces  between  the  pole-pieces.  But  most  ar- 
matures are  wound  so  that  the  brushes  must  be  set  nearly  90"* 
from  this  position,  or  opposite  the  center  of  the  poles.  Some  mul- 
tipolar machines  have  as  many  sets  of  brushes  as  there  are  pole 
pieces;  while  others  have  armatures  that  are  cross-connected,  or 
have  the  conductors  arranged  in  series  so  that  only  two  sets  of 
brushes  are  required.  Four-pole  machines  with  only  two  brushes 
require  them  to  be  set  at  90^;  6-pole  machines,  either  60°  or  180^; 
S-pole,  either  45°  or  135°;  lO-pole,  either  36",  108°,  or  180°;  12- 
pole,  either  30°,  90°,  or  150°;  and  16-pole,  either  22i°,  67P,  112^^ 
or  157^°;  and  so  on. 

The  fact  is,  that  the  proper  position  of  the  brushes  depends 
upon  the  particular  winding,  internal  connections,  etc.,  and  no  one 
should  ever  assume  to  know  where  to  set  the  brushes  unless  he  is 
perfectly  familiar  with  the  particular  type  of  machine.  A  blue 
print  or  other  definite  instructions  should  always  be  obtained  and 
followed;  and,  if  these  are  not  available,  the  matter  may  be  deter- 
mined by  careful  trial.  The  proper  position  of  brushes  is  the  same 
for  dynamos  and  motors,  except  that  in  the  former  the  brushes  are 
given  a  forward  lead,  that  is,  shifted  a  little  in  the  direction  of 
rotation,  whereas  motor  brushes  should  be  set  a  little  backward. 
This  shifting  is  necessitated  by  the  armature  reaction  or  the  mag- 
netizing effect  of  the  armature  current,  which  distorts  the  field 
magnetism. 

The  positions  and  number  of  brushes  for  each  Mml  of  arm^i^ 
ture  are  show  in  Fig.  67,  which  shows  also  the  arrangements  of  cir- 
cuits in  each  of  the  leading  types. 

A  is  the  armature  for  the  ordinary  two-pole  machine,  and  may 
be  drum-  or  ring- wound.     The  current  enters  from  the  positive 
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brush,  passes  around  both  sides  of  the  armature,  and  out  through 
the  negative  brush.  Henoe  this  is  called  a  ^  two-circuit "  arma- 
ture. 

B  is  a  plain  armature  used  in  a  4«pole  machine.  As  there 
are  here  two  more  poles,  it  is  necessary  to  use  two  more  brushes 
to  collect  the  current.  This  gires  two  brushes  through  which 
current  enters,  and  two  through  which  it  leaves ;  consequently 
each  pair  of  brushes  must  be  joined  in  multiple  in  order  to  carry 
all  the  current  to  the  mains. 

0  is  a  4-pole  armature  in  which  the  additional  currents  are 
carried  across  to  the  first  pair  of  brushes  by  means  of  connections 
through  the  center  of  the  armature.  Therefore,  the  entire  current 
may  be  taken  off  by  these  brushes  ;  or  two  more  may  be  added  to 
divide  the  work,  in  which  case  they  must  also  be  connected  in 
multiple  to  the  first  pair,  as  in  case  B  above. 

With  either  B  or  0,  since  there  are  two  parts  of  the  armature 
winding  under  the  influence  of  different  magnets,  but  running  in 
parallel  to  the  mains,  it  is  evident  that  if  the  pressure  of  the  cur. 
rent  in  one  part  of  the  winding  Is  weaker  than  in  the  other, 
through  inequality  of  the  magnets  or  otherwise,  it  will  short-cir- 
cuit the  other  part  of  the  winding  and  work  badly. 

This  cannot  occur  in  A,  because  both  parts  of  the  winding 
are  influenced  by  the  two  ends  of  a  single  magnet. 

D  is  a  4-pole  armature  in  which  the  windings  do  not  connect 
together  in  parallel  but  in  eerteSy  thus  overcoming  the  objection 
above.  It  has  a  ring- winding,  and  each  coil  is  connected  to  the 
one  diametrically  opposite.  An  examination  will  show  that 
though  the  poles  alternate,  the  wire  is  all  arranged  so  that  the  cur- 
rent flows  in  a  single  pair  of  circuits,  as  in  A.  This  also  permits 
of  the  use  of  larger  wire  and  fewer  turns,  as  they  are  connected  in 
series  instead  of  multiple. 

E  is  a  drum  armature  all  in  series,  as  in  the  case  of  D.  In- 
spection will  show  that  the  actions  of  each  of  the  four  poles  on  all 
the  bars  harmonize,  or  cause  the  current  to  flow  in  the  same 
direction* 

To  facilitate  tracing  the  course  of  the  current,  the  arrange^ 
ment  is  represented  with  the  smallest  possible  number  of  bars 
Many  more  are  used  in  practice. 


241 


114  MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY 

F  is  a  series  drum  armature  for  eight  poles.  The  principle  is 
the  same,  but  the  limit  of  brush  adjustment  is  smaller.  The  en- 
tire range  from  zero  to  full  E.  M.  F.  is  covered  by  moving  the 
brush  one-eighth  of  the  circumference. 

As  the  winding  is  all  in  series,  two  brushes  only  are  neces- 
sary; but  as  many  more  as  desired  may  be  added  between  the 
other  poles,  and  then  connected  in  multiple  to  the  first  ones.  This 
is  usually  taken  advantage  of,  because  a  single  pair  of  brushes 
would  become  heated  from  carrying  excessive  current;  but  the  dif- 
ticulty  of  one  part  of  the  armature  short-circuiting  the  other  can- 
not occur,  because  each  part  of  the  winding  is  under  the  influence 
of  all  the  poles. 

X.    VOLTAae  OF  GENERATOR  NOT  RIGHT 

VOLTAQE  TOO  LOW. 

Cause  1.     Speed  too  low.     (See  "  Speed  not  Right.") 

Remedy.  Increase  speed  of  the  prime  mover,  if  possible; 
when  this  cannot  be  done,  decrease  the  diameter  of  the  driven 
pulley  or  increase  the  diameter  of  the  driving  pulley,  preferably 
the  latter. 

Cause  2.     Field  xnagnetism  weak. 

SYMFroM  AND  Remedy.     (Sco  "  Sparking,"  Cause  8.) 

Cause  3.     Brushes  not  in  proper  position. 

Symptom  AND  Remedy.     (See '' Sparking,"  Cause  2.) 

Cause  4.     Machine  overloaded. 

Symptom  AND  Remedy.  (See  "Sparking,"  Cause*  1  and 
"  Speed  not  Right,"  Cause  1);  also  increase  field  excitation,  if 
possible. 

Cause  5.     Short-circuited  armature  coil  or  coils. 

Symptom  and  Remedy.     (See  "  Sparking,"  Cause  5.) 

Cause  6.     Reversed  armature  coil  or  coils. 

SYMinx)M  AND  Remedy.     (See  "  Sparking, "  Cause  5.) 

VOLTAGE  TOO  HIOH. 

Cause  7.     Speed  too  his:h. 

Remedy.     Apply  the  reverse  of  treatment  given  in  CauBe  1. 

Cause  8     Field  magnetism  too  powerful. 

Remedy.  Increase  resistance  of  shunt  field  circuit,  by  means 
of  a  shunt  field  rheostat. 
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Cause  9.    Machine  Compounds  too  much. 

Remedy.     Decrease  resistance  of  series  field  shunt. 
(See  Compound -wound  Dynamos,  page  25,  Part  I.) 
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METHODS  OF  WIRINQ 

The  different  methods  of  wiring  which  are  now  approved  by  the 
National  Board  of  Fire  Underwriters,  may  be  classified  under  four 
general  heads^  as  follows: 

1.  Wires  Run  Concealed  in  Conduits. 

2.  Wires  Run  in  Moulding. 

3.  Concealed  Knob  and  Tube  Wiring. 

4.  Wires  Run  Exposed  on  Insulators. 

WIRES  RUN  CONCEALED  IN  CONDUITS 

Under  this  general  head,  will  be  included  the  following: 

(a)  Wires  run  in  rigid  conduits. 

(b)  Wires  run  in  flexible  metal  conduits. 

(c)  Armored  cable. 

Wires  Run  in  Rigid  Conduit.  The  form  of  rigid  metal  conduit  now 
used  almost  exclusively,  consists  of  plain  iron  gaspipe  the  interior  sur- 
face of  which  has  been  prepared  by  removing  the  scale  and  by  remov- 
ing the  irregularities,  and  which  is  then  coated  with  flexible  enamel. 
The  outside  of  the  pipe  is  given  a  thin  coat  of  enamel  ip  some  cases, 
and,  in  other 
cases,  is  galvan- 
i z e d  .  Fig.  1 
shows  one  make 


Fig.  1.    Rigid  Enameled  Conduit,  Unlined. 


OI  enameled  (Un-  courtesy  of  American  Conduit  Mfg.  Co.,  PiiUlmrg,  Pa, 

lined)  conduit. 

Another  form  of  rigid  conduit  is  that  known  as  the  armored  con- 
duiiy  which  consists  of  iron  pipe  with  an  interior  lining  of  paper 
impregnated  with  asphaltum  or  similar  compound.  This  latter  form 
of  conduit  is  now  rapidly  going  out  of  use,  owing  to  the  unlined  pipe 
being  cheaper  and  easier  to  install,  and  owing  also  to  improved  methods 
of  protecting  the  iron  pipe  from  corrosion,  and  to  the  introduction  of 
additional  braid  on  the  conductors,  which  partly  compensates  for  the 
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pipe  l)eing  unlinecl.  The  introduction  of  improved  devices — such  as 
outlet  insulators,  for  protecting  the  conductors  from  the  sharp  edges  of 
the  pipe,  at  outlets,  cut-out  cabinets,  etc. — also  decreases  the  neces- 
sity of  the  additional  protection  afforded  by  the  interior  paper  lining. 

Rigid  Conduits  are  made  in  gaspipe  sizes,  from  one-half  inch  to 
three  inches  in  diameter.  The  following  table  gives  the  various  data 
relating  to  rigid,  enameled  (unlined)  conduit: 

TABLE  I 
Rls:id,  Enameled  Conduit— Sizes,  Dimensions,  Etc. 


Standard 
Pipe  Size 

Thickness 

Nominal. 
Weight 

PER 

100  Feet 

Number  or 
Threads 
PER  Inch 

OF  Screw 

Actual 

OUTBIDB 

Diameter. 
Inches 

Nominal 
Inside 

Diameter. 
Inched 

i 

.109 

84 

14 

.84 

.62 

i 

.113 

112 

14 

1.05 

.82 

1 

.134 

167 

Hi 

1.31 

1.04 

H 

.140 

224 

Hi 

1.66 

1.38 

li 

.145 

268    • 

Hi 

1.90 

1.61 

2 

.154 

361 

Hi 

2.37 

2.06 

2i 

.204 

574 

8 

2.87 

2.46 

3 

.217 

754 

8 

3.50 

3.06 

Tables  II,  III,  and  IV  give  the  various  sizes  of  conductors  that 
may  be  installed  in  these  conduits.     Caution  must  be  exercised  in 

TABLE  11 
Single  Wire  In  Conduit 


Size  Wire.  B.  &  S.  G. 

LoRicATED  Conduit,  Unlined;  D.  B.  Wire 

No.  14-4 

i  inch 

*'       2 

1. 

(( 

"       1 

i , 

tt 

'•       0 

i 

inch 

or  1 

tt 

"       00 

1 

tt 

"       000 

I 

tt 

"       0000 

1 

It 

250,000  C.  M. 

u 

tt 

300,000  C.  M. 

u 

tt 

350,000  C.  M. 

li 

tt 

400,000  C.  M. 

U 

<( 

or  li 

tt 

450.000  C.  M. 

H 

tt 

500,000  C.  M. 

li 

tt 

600,000  C.  M. 

li 

n 

or  2 

tt 

700,000  C.  M. 

2 

tt 

800,000  C.  M. 

2 

tt 

900,000  C.  M. 

2 

tt 

1,000,000  C.  M. 

2 

tt 

or2i 

tt 

1,500,000  C.  M. 

2i 

it 

1,700,000  C.  M.     • 

3 

tt 

2,000,000  C.  M. 

3 

It 
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TABLE  III 
Two  Wires  In  One  Conduit 


Size  Wire.  B.  &  8.  G. 

LORICATED  CONDUn 

■,  Unlined;  D.  B.  Wire 

No.  14 

\  inch. 

"      12 

i  inch 

or     i    ' 

"     10 

i    ' 

"       8      • 

1 

"       6 

1 

"       5 

1 

or  U      ' 

"       4 

U      ' 

"       3 

li      ' 

"       2 

H 

orli      ' 

*'       1 

li      ' 

"       0 

H      ' 

"       00 

H 

or  2        ' 

"       000 

2 

"       0000 

2 

250,000  C.  M. 

2 

or2i      ' 

300,000  C.  M. 

2i      ' 

350,000  C.  M. 

2i      ' 

400,000  C.  M. 

2i 

or  3 

450,000  C.  M. 

3 

500,000  C.  M. 

3 

600,000  C.  M. 

3 

700,000  C.  M. 

3 

TABLE  IV 
Three  Wires  In  One  Conduit 


Size  Wire.  B.&S.  G. 


1 

LoKicATED  Tube.  Unlined; 

D.  B.  Wire 

Outoide 

Center 

No.   14 

No.   12 

J  inch 

'      12 

"       10 

i   • 

'      10 

8 

1 

8 

6 

1 

'        6 

4 

U     ' 

•        5 

"        2 

H     ' 

4 

"        1 

\\   inch  or  IJ      ' 

3 

0 

li      ' 

2 

"     2/0 

li      "      or  2 

1 

"     3/0 

2 

0 

"     4/0 

2 

'     2/0 

250  M. 

2        "      or  2i      ' 

i 

'     3/0 

300  M. 

2i      ' 

'     4/0 

400  M. 

2i      ' 

250  M. 

450  M. 

2i      "      or  3 

250  M. 

500  M. 

3 

300  M. 

600  M. 

3 

350  M. 

700  M. 

3 

400  M. 

800  M. 

3        ' 

450  M. 

900  M. 

3 
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using  these  tables,  for  the  reason  that  the  sizes  of  conductors  which 
may  be  safely  installed  in  any  run  of  conduit  depend,  of  course,  upon 
the  length  of  and  the  number  of  bends  in  the  run.  The  tables  are 
based  on  average  conditions  where  the  run  does  not  exceed  90  to  1(X) 
feet,  without  more  than  three  or  four  IkmkIs,  in  the  case  of  the  smaller 
sizes  of  wires  for  a  given  size  of  conduit;  and  where  the  nm  does  not 
exceed  40  to  50  feet,  with  not  more  than  one  or  two  l)eiids,  in  the  case 
of  the  larger  sizes  of  wires,  for  the  same  sizes  of  conduit. 

Unlined  conduit  can  Im  l)ent  wiUiout  injuiy  to  the  couiluit,  if  the 
conduit  is  pmperly  made  and  if  proi)er  means  are  used  in  making  the 
bends.  Care  should  l)e  exercised  to  avoid  flattening  the  tulxj  as  a  result 
of  making  the  bend  over  a  sharp  curve  or  angle. 

In  installing  iron  conduits,  the  conduits  should  cross  sleepers  or 
beams  at  right  angles,  so  as  to  reduce  the  amount  of  cutting  of  the 
beams  or  sleepers  to  a  minimum. 

Where  a  number  of  conduits  originate  at  a  center  of  distribution, 
they  should  be  run  at  right  angles  for  a  distance  of  two  or  three  feet 
from  the  cut-out  box,  in  order  to  obtain  a  symmetrical  and  workman- 
like arrangement  of  the  conduits,  and  so  as  to  have  them  enter  the 
cabinet  in  a  neat  manner.  WTiile  it  is  usual  to  use  red  or  w^hite  lea<l 
at  the  joints  of  conduits  in  order  to  make  them  water-tight,  this  is 
frequently  unnecessary  in  the  case  of  enameled  conduit,  as  there  is 
often  suflBcient  enamel  on  the  thread  to  make  a  water-tight  joint. 

When  iron  conduits  are  installed  in  ash  concrete,  in  Keene 
cement,  or,  in  general,  where  they  are  subject  in  any  way  to  corrosive 
action,  they  should  be  coated  with  asphaltum  or  other  similar  protec- 
tive paint  to  prevent  such  action. 

While  the  cost  of  circuit  work  run  in  iron  conduits  is  usually 
greater  than  any  other  method  of  wiring,  it  is  the  most  permanent 
and  durable,  and  is  strongly  recommended  where  the  first  cost  is  not 
the  sole  consideration.  This  method  of  wiring  should  always  l)e 
used  in  fireproof  buildings,  and  also  in  the  better  class  of  frame  build- 
ings. It  is  also  to  be  recommended  for  exposed  work  where  the  work 
is  liable  to  disturbance  or  mechanical  damage. 

Wires  Run  in  Flexible  Metal  Conduit.  This  form  of  conduit, 
shown  in  Fig.  2,  is  described  by  the  manufacturers  as  a  conduit  com- 
posed of  "concave  and  convex  metal  strips  wound  spirally  upon  each 
other  in  such  a  manner  as  to  interlock  several  concave  surfaces  and 
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Fig.  2.    Flexible  Steel  Ck>ndnlt. 
Courtesy  of  Sterling  Electric  Co.,  Troy,  If,  T, 


present  their  convex  surfaces,  both  exterior  and  interior,  thereby 
securing  a  smooth  and  comparatively  frictionless  surface  inside  apd 
out." 

The  field  for  the  use  of  this  form  of  conduit  is  rapidly  increasing. 
Owing  to  its  flexibility,  conduit  of  this  type  can  be  used  in  numerous 
cases  where  the 
rigid  conduit 
could  not  possi- 
bly  be  em- 
ployed. Its  use 
is  to  be  recom- 
mended above 

all  the  other  forms  of  wiring,  except  that  installed  in  rigid  conduits. 
For  new  fireproof  buildings,  it  is  not  so  durable  as  the  rigid  conduit, 
because  not  so  water-tight;  and  it  is  very  difficult,  if  not  impossible, 
to  obtain  as  workmanlike  a  condu't  system  with  the  flexible  as  with  the 
rigid  t}'pe  of  conduit.  For  completed  or  old  frame  buildings,  however, 
the  use  of  the  flexible  conduit  is  superior  to  all  other  forms  of  wiring. 

Table  V  gives  the  inside  diameter  of  various  sizes  of  flexible  con- 
duit, and  the  lengths  of  :tandard  coils.  inside  diameter  of  this 
conduit  is  the  same  as  that  of  the  rigid  conduit;  and  the  table  given 
for  the  maximum  sizes  of  conductors  which  may  be  installed  in  the 
various  sizes  of  conduits,  may  be  used  also  for  flexible  steel  conduita, 
except  that  a  little  more  margin  should  be  allowed  for  flexible  steel 
conduits  than  for  the  rigid  conduits,  as  the  stiffness  of  the  latter  njak^ 
it  possible  to  pull  in  slightly  larger  sized  conductors. 

TABLE  V 
Greenfield  Flexible  Steel  Conduit 


InBXOB    DXAlfBTER 

AppROzm ATE  Fkbt  in  Coil 

1                                                               -            

A  inch 

4      " 

'  1     " 
1 

H    inches 

1}        " 

2 

2J 

3 

200 
200 
100 

50 

60 

50 

50 
Random  Length* 

**XHPVMM 

((             tt 
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This  coniluit  slioukl,  of  course,  l>e  first  installed  without  the  con- 
ductors, in  the  same  manner  aa  the  rigid  conduit.  Owing  to  tlie 
flexibiHty  of  this  conduit,  however,  it  is  absolutely  essential  to  fasten 
it  securely  at  all  elbows,  bends,  or  offsets;  for,  if  this  is  not  done,  con- 
siderable difficulty  will  be  ex- 
perienced in  drawing  the  con- 
ductors in  the  conduit. 

The  rules  governing  the  in- 
stallation of  this  conduit  are 
the  same  as  those  covering 
rigid  conduits.  Double-braided 
Fig.  s.  uaa  of  Elbow  a»raii  for  Fartening  Fioi-  conductois  are  lequired,  and 
the  conduit  should  be  grounded 
as  required  by  the  Code  Rules.  As  already  stated,  the  conduit  should 
be  securely  fastened  (in  not  less  than  three  places)  at  all  elbows;  or 
else  the  special  elbow  clamp  made  for  this  purpose,  shown  in  Fig.  3, 
.should  be  used. 

In  order  to  cut  flexible  steel  conduit  properly,  a  fine  hack  saw 
should  be  employed.  Outlet-boxes  are  required  at  all  outlets,  as  well 
as  bushing  and  wires  to  rigid 
conduit.  Fig.  4  shows  a  coil 
of  flexible  steel  conduit.  Figs. 
5,  6,  and  7  show,  respectively, 
an  outlet  box  and  cover,  outlet 
plate,  and  bushing  used  for  this 
conduit. 

Armored  Cable.  There 
are  many  cases  where  it  is  im- 
possible to  install  a  conduit 
system.  In  such  cases,  prob- 
bably  the  next  best  results  may 
be  obtained  by  the  use  of  steel 
armored  cable.  The  rules  gov- 
erning the  installation  of  armored  cable  are  given  in  the  National 
Electric  Code,  under  Section  24-A,  and  Section  48 ;  also  in  24-S.  This 
cable  is  shown  io  Fig.  8. 

Steel  armored  cable  Is  made  by  winding  formed  steel  strips  over 
the  insulated  conductors.    The  steel  strips  are  similar  to  those  used 
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for  the  steel  conduit.     —I'e  is  taken  in  forming  the  cable,  to  avoid 
crushing  or  abraiding  the  ins      ..on  on  the  conductors  as  the  steel 


Fig.  G.   Oatlsl  Box  loT  Flexible  Stoel  Conduit. 

strips  are  fed  and  formed  over  the  same.     In  the  process  of  manufac- 
ture, the  spools  of  steel  ribbon  are  of  irregular  length,  and  when  a 


spool  b  empty,  the  machine  is  stopped,  and  the  ribbon  is  started  on 
the  next  spiral,  the  process  being  continued.    There  is  no  reason  why 


the  conduit  cables  could  not  be  made  of  any  length ;  but  their  actual 
lengths  as  made  are  determined  1^  convenience  in  handling.    Armored 
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cable  is  made  in  single  conductors  from  No.  1  to  No.  10  B.  &  S.  G.; 
in  twin  condvctoTS,  from  No.  6  to  No.  14  B.  &  S.  G.;  and  three-conduo- 
tor  cable,  from  No.  10  to  No.  14  B.  &  S.  G.  Table  \T  gives  various 
data  relating  to  annored  conductors: 

TABLE  VI 
Annored  Conductors — ^Types»  Dimensions,  Etc. 


Size 
B.&S 
Gauob 


No.  14 
"    12 
10 
8 
6 


it 

ti 
It 
tk 


It 

€1 
tt 

tt 
tt 
tt 
tt 
tt 
tt 

€t 

tt 
tt 
tt 
tt 
tt 


tt 
tt 
tt 

tt 

It 
tt 


14 
12 
10 


"  14 

"  12 

"  10 

"  14 

"  12 

"  10 


14 
12 
10 

10 
8 
6 
4 
2 
1 

10 
8 
6 
4 
2 
1 


18 
16 
14 

18 
16 
14 


Type  and  Number  op  Conductobs 


BX  twin  conductor 


tt 
it 
tt 


It 
tt 
tt 


tt 
tt 
tt 


BM  twin  conductor  (for  marine  work — ship  wiring) 


it 


tt 


ti 


tt 


it 


tt 


BX3  three  conductor 
«<         tt  tt 


tt 


tt 


tt 


BXL  twin  conductor,  leaded 


It 
tt 


tt 


tt 


II 


it 


tt 


tt 


BXL3  three  conductor,  leaded 


II 


tt 


It 


It 


it 
tt 


tt 
tt 


Type  D  single  conductor,  stranded 


tt 
tt 
tt 
tt 


It 
tt 
tt 
tt 
tt 


II 
tt 
tt 
tt 
tt 


tt 
tt 
tt 
tt 
tt 


tt 
tt 
tt 
tt 
tt 


Type  DL  single  conductor,  stranded,  leaded 


II 
tt 
tt 
tt 
tt 


tt 
tt 
tt 
tt 
tt 


It 
tt 
tt 
tt 
It 


tt 
tt 
tt 
t 
tt 


tt 
tt 
tt 
tt 
tt 


Steel  Armored  Flexible  Cord 
Type  E  twin  conductor 


II 


tt 


tt     tt 


tt 


tt 


If 
tt 


Type  EM  twin  conductor,  re-inforced 


II 


'I 


II 


i< 


II 


11 


tt 


tt 
tt 


Outride 

DlAMETflR 

(Inches) 


.63 
.685 
.725 
.875 
1.3125 

.725 
.725 
.73 

.71 

.725 

.73 

.725 
.725 

.87 

.90 

.90 
.94 

.550 
.550 
.575 
.700 
.900 
.965 

.625 
.710 
.700 
.760 
.920 
.910 


.40 
.40 
.47 

.575 

.585 
.595 


In  Table  VI.  Tvpes  D  (single),  BX  (twin),  and  BX3  (3  conduc- 
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tors)  are  armored  cable  adapted  for  ordinary  indoor  work.  Type 
BM  (twin  conductors)  is  adapted  for  marine  wiring.  Types  DL 
(single),  BXL  (twin),  and  BXL  3  (3  conductors)  have  the  conductors 
lead-encased,  with  the  steel  armor  outside,  and  are  especially  adapted 
for  damp  places,  such  as  breweries,  stables,  and  similar  places. 

Type  E  is  used  for  flexible-cord  pendants,  and  is  suitable  for 
factories,  mills,  show  windows,  and  other  similar  places.  Type  EM 
is  the  same  as  Type  E;  but  the  flexible  cord  is  reinforced,  and  is  suit- 
able for  marine  work,  for  use  in  damp  places,  and  in  all  cases  where  it 
will  be  subject  to  very  rough  handling. 

While  this  form  of  wiring  has  not  the  advantage  of  the  conduit 
system — namely,  that  the  wires  can  be  withdrawn  and  new  wires 
inserted  without  disturbing  the  building  in  any  way  whatever — ^yet  it 
has  many  of  the  advantages  of  the  flexible  steel  conduit,  and  it  has 
some  additional  advantages  of  its  own.  For  example,  in  a  building 
already  erected,  this  cable  can  be  fished  between  the  floors  and  in  the 
partition  walls,  where  it  would  be  impossible  to  install  either  rigid 
conduit  or  flexible  steel  conduit  without  disturbing  the  floors  or 
walls  to  an  extent  that  would  be  objectionable. 

Armored  conductors  should  be  continuous  from  outlet  to  outlet, 
without  being  spliced  and  installed  on  the  loop  system.  Outlet  boxes 
should  be  installed  at  all  outlets,  although,  where  this  is  impossible, 
outlet  plates  may  be  used  under  certain  conditions.  Clamps  should 
be  provided  at  all  outlets,  switch-boxes,  junction-boxes,  etc.,  to  hold 
the  cable  in  place,  and  also  to  serve  as  a  means  of  grounding  the  steel 
sheathing. 

Armored  cable  is  less  expensive  than  the  rigid  conduit  or  the 
flexible  steel  conduit,  but  more  expensive  than  cleat  wiring  or  knob 
and  tube  wiring,  and  is  strongly  recommended  in  preference  to  the 
latter. 

WIRES  RUN  IN  MOULDING 

Moulding  is  very  extensively  used  for  electric  circuit  work,  in 
extending  circuits  in  buildings  which  have  already  been  wired,  and 
also  in  wiring  buildings  which  were  not  provided  with  electric  circuit 
work  at  the  time  of  their  erection.  The  reason  for  the  popularity  of 
moulding  is  that  it  furnishes  a  convenient  and  fairly  good-looking 
runway  for  the  wires,  and  protects  them  from  mechanical  injury. 
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Pig.  9.    Two- Wire  Wood  Moulding. 


It  seems  almost  unwise  to  place  conductors  carrying  electric  current, 
in  wood  casing;  but  this  method  is  still  pennitted  by  the  National 
Electric  Code,  although  it  is  not  allowed  in  damp  places  or  in  places 

where  there  is  liability  to  damp- 
ness, such  as  on  brick  walls, 
in  cellars,  etc. 

The  dangers  from  the  use  of 
moulding  are  that  if  the  wood 
becomes  soaked  with  water, 
there  will  be  a  liability  to  leak- 
age of  current  between  the  conductors  run  in  the  grooves  of  the  mould- 
ing, and  to  fire  being  thereby  started ,  which  may  not  be  immed  iately  dis- 
covered. Furthermore,  if  the  conductors  are  overloaded,  and  conse- 
quently overheated,  the  wood  is  likely  to  become  charred  and  finally  ig- 
nited. Moreover,  the  moulding  itself  is  always  a  temptation  as  affording 
a  good  "round  strip"  in  which  to  drive  nails,  hooks,  etc.  However,  the 
convenience  and  popularity  of  moulding  cannot  be  denied ;  and  until 
some  better  substitute  is  found,  or  until  its  use  is  forbidden  bv  the 
Rules,  it  will  continue  to  be  used  to  a  very  great  extent  for  running 
circuits  outside  of  the  walls  and  on  the  ceilings  of  existing  buildings.. 
Figs.  9, 10, 11,  and  12  show  two- and  three-wire  moulding  respectively; 
and  Table  VII  gives  complete  data  as  to  sizes  of  the  moulding  required 
for  various  sizes  of  conductors. 

While  the  Rules  recommend  the  use  of  hardwood  moulding,  as  a 
matter  of  fact  probably  90  per  cent  of  the  moulding  used  is  of  white- 
wood  or  other  similar  cheap,  soft  wood .    Georgia  pine  or  oak  ordinarily 


Fig.  10.    Two- Wire  Wood  Moulding. 


costs  about  twice  as  much  as  the  soft  wood.  In  designing  moulding 
work,  if  appearance  is  of  importance,  the  moulding  circuits  should 
be  laid  out  so  as  to  afford  a  symmetrical  and  complete  design.     For 
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example^  if  an  outlet  is  to  be  located  in  the  center  of  the  ceiling, 
the  moulding  should  be  continued  from  wall  to  wall,  the  portion  beyond 
the  outlet,  of  course,  having  no  conductors  inside  of  the  moulding. 
If  four  outlets  are  to  be  placed  on  the  ceiling,  the  rectangle  of  moulding 
should  be  completed  on  the  fourth  side,  although,  of  course,  no  con- 


Fig.  11.   Three- wire  Wood  Moulding. 

ductors  need  be  placed  in  this  portion  of  the  moulding.  Doing  this 
increases  the  cost  but  little  and  adds  greatly  to  the  appearance. 

Moulding  is  frequently  used  in  combination  with  other  methods 
of  wiring,  including  armored  cable,  flexible  steel  tubing,  and  fibrous 
tubing.  In  many  instances,  it  is  possible  to  fish  tubing  between 
beams  or  studs  running  in  a  certain  direction;  but  when  the  conduc- 
tors are  to  run  in  another  direction  or  at  right  angles  to  the  beams  or 
studs,  exposed  work  is  necessary.  In  such  cases,  a  junction-box  or 
outlet-box  must  be  placed  at  the  point  of  connection  between  the 
moulding  and  the  armored  cable  or  steel  tubing. 

Where  circuits  are  run  in  moulding,  and  pass  through  the  floor, 
additional  protection  must  be  provided,  as  required  by  the  Code  Rules, 
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Pig.  18.    Three- Wire  Wood  Moulding. 

to  protect  the  moulding.  As  a  rule,  it  is  better  to  use  conduit  for  all 
portions  of  moulding  within  six  feet  of  the  floor,  so  as  to  avoid  the 
possibility  of  injury  to  the  circuits.  Where  a  combination  of  iron 
conduit  or  flexible  steel  tubing  is  used  with  moulding.  It  is  well  to  use 
double-braided  conductors  throughout,  because,  although  only  single- 
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TABLE  VII 
Sizes  of  Mouldings  Required  for  Various  Sizes  of  Conductors 


braided  conductors  are  required  with  moulding,  double-braided  con- 
ductors are  required  with  unlined  conduit,  and  if  double-braided  con- 
ductors were  not  used  throughout,  it  would  be  necessary  to  make  a 
joint  at  the  outlet-box  where  the  moulding  stopped  and  the  conduit 
work  commenced.  Where  the  conductors  pass  through  floors,  in 
moulding  work,  and  where  iron  conduit  is  used,  the  inspection  authori- 
ties, in  order  to  protect  the  wire,  usually  require  that  a  fibrous  tubing 
be  used  as  additional  protection  for  the  conductors  inside  of  the  iron 
pipe,  although,  if  double-braided  wire  is  used,  this  will  not  usually  be 
required.  Fig.  13  shows  a  fuseless  cord  rosette  for  use  with  moulding 
work.     Fig.  14  shows  a  device  for  making  a  tap  in  moulding  wiring. 

Moulding  work,  under  ordinaiy  conditions,  costs  about  one^alf 
as  much  as  circuit  run  in  rigid  conduit,  and  about  75  per  cent,  under 
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ordinaty  conditions,  of  the  cost  of  armored  cable.  Where  the  latter 
method  of  wiring  or  the  conduit  system  can  be  employed,  one  or  loe 
other  of  these  two  methods  should  be  used  in  preference  to  moulding. 


Fig.  11.    DoTlce  for  Making  "Tap"  In 

UouldiUB. 

Covrtav  of  H.  T.  Palilt  Ca.. 

PMladiljihia.  Pa. 

as  (he  work  is  not  only  more  substantial,  but  also  safer.  Various  forms 
of  metal  moulding  have  been  introduced,  but  up  to  the  present  time 
have  not  met  with  the  success  which  they  desene, 

CONCEALED  KNOB  ANDTUBEWIRING 

This  method  of  wiring  is  still  allowed  by  the  Naiwnal  Electric 
Code,  although  many  vigorous  attempts  have  been  made  to  have  it 
aboli:jhed.  Each  of  these  attempts  has  met  with  the  strongest 
opposition  from  contractors  and  central  stations,  particularly  in  small 
towns  and  villages,  the  argument  for  this  method  being,  that  it  is  the 
cheapest  method  of  wiring,  and  that  if  it  were  forbidden,  many  places 
which  are  wired  according  to  this  method  would  not  be  wired  at  all, 
and  the  use  of  electricity  would  therefore  be  much  restricted.  If  not 
entirely  done  away  with,  in  such  communities.  This  argument,  how- 
ever, is  only  a  temporary  makeshift  obstruction  in  the  way  of  inevitable 
progress,  and  in  a  few  years,  undoubtedly,  the  concealed  knob  and 
tube  method  will  be  forbidden  by  the  National  Electric  Code. 

The  cost  of  wiring  according  to  this  method  is  about  one-third 
of  the  cost  of  circuits  run  in  rigid  conduit,  and  about  one-half  of  the 
cost  of  circuits  run  m  armored  cable.    The  latter  method  of  wiring 
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is  rapidly  replacing  knob  and  tube  wiring,  and  justly  so,  wherever 
the  additional  price  lor  the  latter  method  of  wiring  can  be  obtained. 
As  the  name  indicates,  this  method  of  wiring  employs  porcelain  kncbs 


Flu-  III-    Knob  uid  Tube  Wiring. 

and  tubes,  the  circuit  work  being  run  concealed  between  the  floor  beams 
and  studs  of  a  frame  building.  The  knobs  are  used  when  the  circuits 
run  parallel  to  the  floor  beams;  and  the  porcelain  tubes  are  used  when 
the  cireuits  are  run  at  right  angles  to  the  floor  beams. 

Fig.  15  shows  an  example  of  knob  and  tube  wiring.     In  concealed 
knob  and  tube  wiring,  the  wires  must  be  separated  at  least  ten  inches 
from  one  another,  and  at  least  one  inch  from  the  surface  wired  over, 
that  is,  from  the  beams,  flooring,  etc.,  to  which  the  insulator  is  fas- 
tened.    Fig.  16  shows  a 
good    type  of   poreelain 
knob  for  this  class    of 
wiring.     For   knob  and 
tube  wiring,  it  will    be 
noted  that,  owing  to  the 
fact  that  the    wiring  is 

concealed,  the  conductors  ^'» '*  i'''r^«i»i°  «'>»>'■ 

must  be  kept  further  apart  than  in  the  case  of  exposed  or  open  wiring 
on  insulators,  where,  except  in  damp  places,  the  wires  may  be  run  on 
cleats  or  on  insulators  only  one-half  inch  from  the  surface  wired  over. 
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Fibrous  Tubing.  Fibrous  tubing  is  frequently  used  with  Imob 
and  tube  wiring,  and  the  regulations  governing  its  use  are  given  in 
Rule  24,  Section  S,  of  the  National  Electric  Code.  This  tubing,  as 
stated  in  this  Rule,  may  be  used  where  it  is  impossible  and  impracticable 
to  employ  knobs  and  tubes,  provided  the  difference  in  potential 
between  the  wires  is  not  over  300  volts,  and  if  the  wires  are  not  sub- 


ject to  moisture.  The  cost  of  wiring  in  flexible  fibrous  tubing  is 
approximately  about  the  same  as  the  cost  of  knob  and  tube  wiring. 
Duplex  conductors,  or  two  wires  together  are  not  allowed  in  fibrous 
tubing. 

Fibrous  tubing  is  required  at  all  outlets  where  conduit  or  armored 
cable  is  not  used  (as  in  knob  and  tube  wiring) ;  and,  as  required  by  the 
Rules,  it  must  extend  back  from  the  last  porcelain  support  to  one  inch 
beyond  the  outlet.     Fig.  17  shows  one  make  of  fibrous  tubing. 

Table  VIII  gives  the  maximum  sizes  of  conductors  (double- 
braided)  which  may  be  installed  in  Bbrous  conduit. 


TABLE  VIII 
Sizes  of  Conductors  la  FIbrOus  Conduit 


Odtsidb  Diakbteb 

iNBIDB  DlAMITBB 

On 

E    W.R.    IN    Tl,B« 

H  inch 

inch 

No 

12 
8 

1      " 

1     " 

1  a    " 

11  " 

400,000  C.  M. 

1  1    " 

750,000  C.  M. 

2        " 

ll  " 

1,000,000  C.  M. 

2       " 

1,500,000  C.  M. 

2|     " 

21    ■' 

2,000,000  C.  M. 
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WIRES  RUN  EXPOSED  ON  INSULATORS 

This  method  of  wiring  has  the  advantages  of  cheapness,durability, 
and  accessibility. 

Cheapness.  The  relative  cost  of  this  method  of  wiring  as  com- 
pared with  that  of  the  concealed  conduit  system,  ia  about  fifty  per  cent 
of  the  latter  if  nibber-covereci  conductors  are  used,  and  about  forty 
per  cent  of  the  latter  if  weatherproof  slow-burning  conductors  are  used. 
As  the  Rules  of  the  Fire  Underwriters  allow  the  use  of  weatherproof 
alow-burning  conductors  in  dry  places,  considerable  saving  may  be 
effected  by  this  method  of  wiring,  provided  there  is  no  objection  to  it 


Fls.  le.    lArge  Feeders  Ron  Exposed  on  lasulatora. 

from  the  standpoint  of  appearance,  and  also  provided  that  it  is  not 
liable  to  mechanical  injury  or  disarrangement. 

Durability.  It  is  a  well-known  fact  that  rubber  insulation  has  a 
relatively  short  life.  Inasmuch  as  in  this  method  of  wiring,  the  insula- 
tion does  not  depend  upon  the  insulation  of  the  conductors,  but  on 
the  insulators  themselves,  which  are  of  glass  or  porcelain,  this  s^'stem 
is  much  more  desirable  than  any  of  the  other  methods.  Of  course, 
if  the  conductors  are  mechanically  injured,  or  the  insulators  broken, 
the  insulation  of  the  system  is  reduced ;  but  there  is  no  gradual  dete- 
rioration as  there  is  in  the  case  of  other  methods  of  wiring,  where 
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rubber  is  depended  upon  for  insulation.  This  is  especially  true  in  hot 
places,  particularly  where  the  temperature  is  120°  F.  or  above.  For 
such  cases,  the  weatherproof  slow-burning  conductors  on  porcelain 
or  glass  insulators  are  especially  recommended. 

Accessibility.    The  conductors  being  run  exposed,  they  may  be 
readily  repaired  or  removed,  or  connections  may  be  made  to  the  same. 

This  method  of 
wiring  is  especially 
recommended  for 
mills,  factories,  and 
for  large  or  long 
feeder  conductors. 
Fig.  18  shows  ex- 
amples of  exposed 
large  feeder  con- 
ductors, installed  in  the  New  York  Life  Insurance  Building,  New 
York  City.  For  small  conductors,  up  to  say  No.  6  B.  &  S. 
Gauge  each,  porcelain  cleats  may  be  used  to  support  one,  two, 
or  three  conductors,  provided   the  distance  between   the  conduc- 


Plp.  19.    Two- Wire  Cleat. 


Fig.  aa    One- Wire  Cleat. 


Fig.  21.      Porcelain  Insulator   for 
Large  Conductors. 


tors  is  at  least  2^  inches  in  a  two-wire  system,  and  2^  inches 
between  the  two  outside  conductors  in  a  three-wire  system  where  the 
potential  between  the  outside  conductors  is  not  over  300  volts.  The 
cleat  must  hold  the  wire  at  least  one-half  inch  from  the  surface  to  which 
the  cleat  is  fastened;  and  in  damp  places  the  wire  must  be  held  at 
least  one  inch  from  the  surface  wired  over.    For  larger  conductors, 
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from  So.  6  to  No.  4  /  0  B.  &  S.  Gauge,  it  is  usual  to  use  single  porcelain 
cleats  or  knobs.    Figs.  19  and  20  show  a  good  form  of  two-wire 


Fig.  28.    Iron  Rack  and  Insulators  for  Large  Conductors. 
Court€9y  of  General  Electric  Co.,  Schenectady,  N.  Y, 


cleat  and  single-wire  cleat,  respectively. 

For  large  feeder  or  main  conductors 
from  No.  4/0  B.  &  S.  Gauge  upward,  a 
more  substantial  form  of  porcelain  insu- 
lator should  be  used,  such  as  shown  in 
Fig.  21.  These  insulators  are  held  in 
iron  racks  or  angle-iron  frames,  of  which 
two  forms  are  shown  in  Figs.  22  and  23. 
The  latter  form  of  rack  is  particularly  de- 
sirable for  heavy  conductors  and  where  a 
number  of  conductors  are  run  together. 
In  this  form  of  rack,  any  length  of  con- 
ductor can  be  removed  without  disturb- 
ing the  other  conductors. 

As  a  rule,  the  porcelain  insulators 
should  be  placed  not  more  than  4^  feet 
apart;  and  if  the  wires  are  liable  to  be 
disturbed,  the  distance  between  supports 
should  be  shortened,  particularly  for  small 
conductors.  If  the  beams  are  so  far 
apart  that  supports  cannot  be  obtained 
every  A\  feet,  it  is  necessary  to  provide  a 
running  board  as  shown  in  Fig.  24,  to 
which  the  porcelain  cleats  and  kn6bs 
can  be  fastened.  Figs.  25  and  26  show 
two  methods  of  supporting  small  con- 
ductors.  For  conductors  of  No.  8  B.  &  S. 


Fig.  23.    Elevation  and  Plan  of 
Insulators  Held  in  Angle- 
Iron  Frames. 
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Gauge,  or  over,  it  is  not  necessary  to  break  around  the  beams,  provided 
they  are  not  liable  to  be  disturbed ;  but  the  supports  may  be  placed  on 
each  beam. 

Where  the  dis- 
tance between  the 
supports,  however, 
is  greater  than  4^ 
feet,  it  is  usually 
necessary  to  provide 

mtermediate  sup-  pig.ji.  inaulatorsMourted  on  Runnlng-Soapd  across  wide. 
ports,    as  shown  in  spaced  Beams. 

Fig.  27,  or  else  to  provide  a  running-board.  Another  method  which 
may  be  used,  where  beams  are  further  than  4^  feet  apart,  is  to 


:sr: 


Fig.  25.    Method  of  Stipi)orting  Small  Conductors. 


■OD 


Fig.  27.    Intermediate  Support  for  Conductor  between  Wide-Spaced  Beams. 

run  a  main  along  the  wall  at  right  angles  to  the  beams,  and  to 
have  the  individual  circuits  run  between  and  parallel  to  the  beams. 


Fig.  26.    Method  of  Supporting  a  Small 
Conductor. 


Fig.  28.    Conductors  Protected  by  Wooden 
Guard-Strips  on  Low  Celling. 


In  low-ceiling  rooms,  where  the  conductors  are  liable  to  injury, 
it  is  usually  required  that  a  wooden  guard  strip  be  placed  on  each  side 
of  the  conductors,  as  shown  in  Fig.  28. 

WTiere  the  conductors  pass  through  partitions  or  walls,  they  must 
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be  protectee!  by  porcelain  tubes,  or,  if  the  conductors  be  of  rubber,  by 
means  of  fibrous  tubing  placed  inside  of  iron  conduits. 

All  conductors  on  the  walls  for  a  height  of  not  less  than  six  feet 
from  the  ground,  either  should  be  boxed  in,  or,  if  they  be  rubber-covered, 
should  (preferably)  be  run  in  iron  conduits;  and  in  conductors  having 
single  braid  only,  additional  protection  should  be  provided  by  means  of 
flexible  tubing  placed  inside  of  the  iron  conduit. 

Where  conductors  cross  each  other,  or  where  they  cross  iron  pipes, 
they  should  be  protected  by-  means  of  porcelain  tubes  fastened  with 
tape  or  in  some  other  substantial  manner  that  will  prevent  the  tubes 
from  slipping  out  of  place. 

TWO-WIRE  AND  THREE-WIRE  SYSTEMS 

As  both  the  two-wire  and  the  three-wire  system  are  extensively 
used  in  electric  wiring,  it  will  be  well  to  give  some  consideration  to  the 
advantages  and  disadvantages  of  each  system,  and  to  explain  them 
somewhat  in  detail. 

Relative  Advantages.  The  choice  of  either  a  two-wire  or  a  three- 
wire  system  depends  largely  upon  the  source  of  supply.  If,  for  ex- 
ample, the  source  of  supply  will  always  probably  be  a  120-volt,  two- 
wire  system,  there  would  be  no  object  in  installing  a  three-wire  system 
for  the  wiring.  If,  on  the  other  hand,  the  source  of  supply  is  a  120- 
240-volt  system,  the  waring  should,  of  course,  be  made  three-wdre. 
Furthermore,  if  at  the  outset  the  supply  were  two-wire,  but  with  a  pos- 
sibility of  a  three-wire  system  being  provided  later,  it  would  be  well 
to  adapt  the  electric  wiring  for  the  three-wire  system,  making  the 
neutral  conductor  twice  as  large  as  either  of  the  outside  conductors, 
and  combining  the  two  outside  conductors  to  make  a  single  conductor 
until  such  time  as  the  three-wire  service  is  installed.  Of  course,  there 
would  be  no  saving  of  copper  in  this  last-mentioned  three-wire  system, 
and  in  fact  it  would  be  slightly  more  expensive  than  a  two-wire  system, 
as  will  be  shortly  explained. 

The  object  of  the  three-wire  system  is  to  reduce  the  amount  of 
copper — ^and  consequently  the  cost  of  wiring — necessary  to  transmit  a 
given  amount  of  electric  power.  As  a  rule,  the  proposition  is  usually 
one  of  lighting  and  not  of  power,  for  the  reason  that  by  means  of  the 
three-wire  system  we  are  able  to  increase  the  potential  at  which  the 
current  is  transmitted,  and  at  the  same  time  to  take  advantage  of  the 
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greater  efficiency  of  the  lower  voltage  lamp.  If  current  for  power 
(motors,  etc.)  only  were  to  be  transmitted,  it  would  be  a  simple  matter 
to  wind  the  motors,  etc.,  for  a  higher  voltage,  and  thereby  reduce  the 
weight  of  copper. 
If,  however,  we  in- 
crease the  voltage 
of  lamps,  we  find 
that  they  are  not  so 
efficient,  nor  is  their 

life  so  lonfiT.      With    F^*  ^-    Three-wire  System,  with  Neutral  Conductor  between 
^  the  Two  Outside  Conduotor& 

the  standard  carbon 

lamp,  it  has  been  found  that  the  240-volt  lamp,  with  the  same 
life,  requires  about  10  to  12  per  cent  more  current  than  the  cor- 
responding 120-volt  lamp.  Furthermore,  in  the  case  of  the  more 
efficient  lamps  recently  introduced  (such  as  the  Tantalum  lamp. 
Tungsten  lamp,  etc.),  it  has  been  found  impracticable,  if  not  impos- 
sible, to  make  them  for  pressures  above  125  volts.  For  this  reason 
the  three-wire  system  is  employed,  for  by  this  method  we  can  use  240 
volts  across  the  outside  conductors,  and  by  the  use  of  a  neutral  con- 
ductor obtain  120  volts  between  the  neutral  and  the  outside  conductor, 
and  thereby  be  enabled  to  use  120-volt  lamps.  Furthermore,  if  a 
240-volt  lamp  should  ever  be  placed  on  the  market  that  was  as  economi- 
cal as  the  lower  voltage  lamp,  the  result  would  be  that  the  240-480- 
volt  system  would  be  introduced,  and  240-volt  lamps  used.    As  a 

5  m         ■  I  matter  of  fact,  this 

A  A  has  been   tried   in 

^         ^  several   cities — and 

particularly  in 

Providence,  Rhode 

^    Island.     As  a  rule. 

Fig.  80.    Lamps  Arranged  in  Pairs  in  Series,  Dispensing  with     however,    the     120- 
Necessity  for  Third  or  Neutral  Conductor. 

volt  lamp  has  been 
found  so  much  more  satisfactory  as  regards  life,  efficiency,  etc.,  that 
it  is  nearly  always  employed. 

The  two-wire  system  is  so  extremely  simple  that  no  explanation 
whatever  is  required  concerning  it. 

The  three-wire  system,  however,  is  somewhat  confusing,  anci 
will  now  be  considered. 


9  9  9 
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Detaib  of  Three-Wire  System.  The  three-wire  system  may  be 
considered  as  a  two-wire  system  with  a  third  or  neutral  conductor 
placed  between  the  two  outside  conductors,  as  shown  in  Fig.  29. 
This  neutral  conductor  would  not  be  required  if  we  could  always  have 
the  lamps  arranged  in  pairs,  as  shown  in  Fig.  30.  In  this  case,  the 
two  lamps. would  bum  in  series,  and  we  could  transmit  the  current 
at  double  the  usual  voltage,  and  thereby  supply  twice  the  number  of 
lamps  with  one-quarter  the  weight  of  copper,  allowing  the  same  loss 
in  pressure  in  the  lamps.  The  reason  for  this  is,  that,  having  the 
lamps  arranged  in  series  of  pairs,  we  reduce  the  current  to  one-half, 
and,  as  the  pressure  at  which  the  current  is  transmitted  is  doubled, 
we  can  again  reduce  the  copper  one-half  without  increasing  the  loss 
in  lamps.  We  therefore  see  that  we  have  a  double  saving,  as  the  cur- 
rent is  reduced  one-half,  which  reduces  the  weight  of  copper  one-half, 
and  we  can  again  reduce  the  copper  one-half  by  doubling  the  loss  in 
volts  without  increasing  the  percentage  loss.  For  example,  if  in  one 
case  we  had  a  straight  two-wire  system  transmitting  current  to  100 
lamps  at  a  potential  of  100  volts,  and  this  system  were  replaced  by  one 
in  which  the  lamps  were  placed  in  series  of  pairs,  as  shown  in  Fig.  30, 
and  the  potential  increased  to  200  volts — 100  lamps  still  being  used — 
we  should  find,  in  the  latter  case,  that  we  were  carrying  current  really 
for  only  50  lamps,  as  we  would  require  only  the  same  amount  of  cur- 
rent for  two  lamps  now  that  we  required  for  one  lamp  before.  Fur- 
thermore, as  the  potential  would  now  be  200  instead  of  100  volts, 
we  could  allow  twice  as  much  loss  as  in  the  first  case,  because  the  loss 
would  now  be  figured  as  a  percentage  of  200  volts  instead  of  a  percent- 
age of  100  volts.  From  this,  it  will  readily  be  seen  that  in  the  second 
case  mentioned,  we  would  require  only  one-quarter  the  weight  of 
copper  that  would  be  required  in  the  first  case. 

It  will  readily  be  seen,  however,  th^t  a  system  such  as  that  out- 
lined in  the  second  scheme  having  two  lamps,  would  be  impracticable 
for  ordinary  purposes,  for  the  reason  that  it  would  always  require  the 
lamps  to  be  burned  in  pairs.  Now,  it  is  for  this  very  reason  that  the 
tliird  or  neutral  conductor  is  required ;  and,  if  this  conductor  be  added, 
it  will  no  longer  be  necessary  to  bum  the  lamps  in  pairs.  This,  then, 
is  the  object  of  the  three-wire  system — to  enable  us  to  reduce  the 
amount  of  copper  required  for  transmitting  current,  without  increasing 
the  electric  pressure  employed  for  the  lamps. 
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With  regard  to  the  size  of  the  neutral  conductor,  one  important 
point  must  be  borne  in  mind ;  and  that  is,  that  the  Rules  of  the  N^ational 
Electric  Code  require  the  neutral  conductor  in  all  interior  wiring  to  be 
made  at  least  as  large  as  either  of  the  two  outside  conductors.  The 
reasons  for  this  from  a  fire  standpoint  are  obvious,  because,  if  for 
any  reason  either  of  the  outside  conductors  became  disconnected,  the 
neutral  wire  might  be  required  to  carry  the  same  current  as  the  out- 
side conductors,  and  therefore  it  should  be  of  the  same  capacity.  Of 
course,  the  chances  of  such  an  event  happening  are  slight;  but,  as 
the  fire  hazard  is  all-important,  this  rule  must  be  complied  with  for 
interior  wiring  or  in  all  cases  where  there  would  be  a  probability  of 
fire.  For  outside  or  underground  work,  however,  where  the  fire 
hazard  would  be  relatively  unimportant,  the  neutral  conductor  might 
be  reduced  in  size;  and,  as  a  matter  of  fact,  it  is  made  smaller  than 
the  outside  conductors. 

The  three-wire  system  is  sometimes  installed  where  it  is  desired 
to  use  the  system  as  a  two-wire,  125-volt  system,  or  to  have  it  arranged 
so  that  it  may  be  used  at  any  time  also  as  a  three-wire,  125-250-volt 
system.  Of  course,  in  order  to  do  this,  it  is  necessary  to  make  the 
neutral  conductor  equal  to  the  combined  capacity  of  the  outside  con- 
ductors, the  latter  being  then  connected  together  to  form  one  con- 
ductor, the  neutral  being  the  return  conductor. .  This  system  is  not 
recommended  except  in  such  instances,  for  example,  as  where  an 
isolated  plant  of  125  volts  is  installed,  and  where  there  is  a  possibility 
of  changing  over  at  some  future  time  to  the  three-wire,  125-250-volt 
system.  In  such  a  case  as  this,  however,  it  would  be  better,  where 
possible,  to  design  the  isolated  plant  for  a  three-wire,  125-250-volt 
system  originally,  and  then  to  make  the  neutral  conductor  the  same 
size  as  each  of  the  two  outside  conductors. 

The  weight  of  copper  required  in  a  three-wire  system  where  the 
neutral  conductor  is  the  same  size  as  either  of  the  two  outside  conduct- 
ors, is  f  of  that  required  for  a  corresponding  two-wire  system  using 
the  same  voltage  of  lamps.*  It  is  obvious  that  this  is  true,  because, 

*NoTK. — If.  in  the  two-wire  system,  we  represent  the  weight  of  each  of  the  two  con- 
ductors by  i.  the  weight  of  each  oi  the  outside  conductors  in  a  three- wire  system  would 
Sye  represented  by  i;  and  if  we  had  three  conductors  of  the  same  size,  we  would  have 
i  +  i  +  i  =  fof  the  weight  of  copper  required  in  a  three-wire  system,  which  would  be 
required  in  a  corresponding  two- wire  sjrstem  having  the  same  percentage  of  loss  and 
usmg  the  same  voltage  of  lamps. 

If  the  neutral  conductor  were  made  h  of  the  size  of  each  of  the  outside  conducton. 
as  is  sometimes  done  in  underground  work,  the  total  weight  of  copper  required  would  be 
i  i-  i  1- 1^  ~  A  of  that  required  in  the  corresponding  two- wire  system. 
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as  the  discussion  proved  concerning  the  arrangement  shown  in  Fig. 
30,  where  the  lamps  were  placed  in  series  of  pairs,  we  found  tl;at  the 
weight  of  copper  for  the  two  conductors  was  one-quarter  the  weight 
of  the  regular  two-wire  system.  It  is  then  of  course  true,  that,  if  we 
had  another  conductor  of  the  same  size  as  each  of  the  outside  conduct- 
ors, we  increase  theweight  of  copper  one-half,  or  one-quarter  plus 
one-half  of  one-quarter — that  is,  three-eighths. 

In  the  three-wire  system  frequently  used  in  isolated  plants  in 
which  the  two  outside  conductors  are  joined  together  and  the  neutral 
conductor  made  equal  to  their  combined  capacity,  there  is  no  saving 
of  copper,  for  the  reason  that  the  same  voltage  of  transmission  is  used, 
and,  consequently,  we  have  neither  reduced  the  current  nor  increased 
the  potential.  Furthermore,  though  the  weight  of  copper  is  the  same, 
it  is  now  divided  into  three  conductors,  instead  of  two,  and  naturally 
it  costs  Relatively  more  to  insulate  and  manufacture  three  conductors 
than  to  insulate  and  manufacture  two  conductors  having  the  same 
total  weight  of  copper.  As  a  matter  of  fact,  the  three-wire  system, 
having  the  neutral  conductor  equal  to  the  combined  capacity  of  the 
two  outside  ones,  the  latter  being  joined  together,  is  about  8  to  10 
per  cent  more  expensive  than  the  corresponding  straight  two-wire 
system. 

In  interior  wiring,  as  a  rule,  where  the  three-wire  system  is  used 
for  the  mains  and  feeders,  the  two-wire  system  is  nearly  always  em- 
ployed for  the  branch  circuits.  Of  course,  the  two-wire  branch  cir- 
cuits are  then  balanced  on  each  side  of  the  three-wire  system,  so  as  to 
obtain  as  far  as  possible  at  all  times  an  equal  balance  on  the  two  sides 
of  the  system.  This  is  done  so  as  to  have  the  neutral  conductor  carry 
as  little  current  as  possible.  From  what  has  already  been  said,  it  is 
obvious  that  in  case  there  is  a  perfect  balance,  the  lamps  are  virtually 
in  series  of  pairs,  and  the  neutral  conductor  does  not  carry  any  current. 
Where  there  is  an  unbalanced  condition,  the  neutral  conductor  carries 
the  difference  between  the  current  on  one  side  and  the  current  on  the 
other  side  of  the  system.  For  example,  if  we  had  five  lamps  on  one 
side  of  the  system  and  ten  lamps  on  the  other,  the  neutral  conductor 
would  carry  the  current  corresponding  to  five  lamps. 

In  calculating  the  three-wire  system,  the  neutral  conductor  is 
disregarded,  the  outer  wires  being  treated  as  a  two^wire  circuit,  and 
the  calculation  is  for  one-half  the  total  number  of  lamps,  the  per- 
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centage  of  loss  being  based  on  the  potential  across  the  two  outside 
conductors. 

The  three-wire  system  is  very  generally  employed  in  alternating- 
current  secondary  wiring,  as  nearly  all  transformers  are  built  with 
three-wire  connections. 

WTiile  unbalancing  will  not  affect  the  total  loss  in  the  outside 
conductors,  yet  it  does  aflFect  the  loss  in  the  lamps,  for  the  reason  that 
the  system  is  usually  calculated  on  the  basis  of  a  perfect  balance,  and 
the  loss  is  divided  equally  between  the  two  lamps  (the  latter  being 
considered  in  series  of  pairs).  If,  however,  there  is  unbalancing  to 
a  great  degree,  the  loss  in  lamps  will  be  increased ;  and  if  the  entire 
load  is  thrown  over  on  one  side,  the  loss  in  the  lamps  will  be  doubled 
on  the  remaining  side,  because  the  total  loss  in  voltage  will  now  occur 
in  these  lamps,  whereas,  in  the  case  of  perfect  balance,  it  would  l)e 
equally  divided  between  the  two  groups  of  lamps. 

CALCULATION  OF  SIZES  OF  CONDUCTORS 

The  formula  for  calculating  the  sizes  of  conductors  for  direct 
currents,  where  the  length,  load,  and  loss  in  volts  are  given,  is  as  fol- 
lows; 

The  size  of  conductor  (in  circular  mils)  is  equal  to  the  current  multiplied 
by  the  distance  (one  way),  multiplied  by  21.6,  divided  by  the  loss  in  volts;  or, 

CM  =  ^  X  ^/  ^^-^ (1) 

in  which  C  =  Current,  in  amperes; 

D  =  Distance  or  length'  of  the  circuit  (one  way,  in  feet) ; 

V  =  Loss  in  volts  between  the  beginning  and  end  of  the  circuit. 

The  constant  (21.6)  of  this  formula  is  derived  from  the  resistance 
of  a  mil  foot  of  wire  of  98  per  cent  conductivity  at  25°  Centigrade  or 
77°  Fahrenheit.  The  resistance  of  a  conductor  of  one  mil  diam« 
eter  and  one  foot  long,  is  10.8  at  the  temperature  and  conduc- 
tivity named.  We  multiply  this  figure  (10.8)  by  2,  as  the  length  of  a 
circuit  is  usually  given  as  the  distance  one  way,  and  in  qrder  to  obtain 
the  resistance  of  both  conductors  in  a  two-wire  circuit,  we  must 
multiply  by  2.  The  formula  as  above  given,  therefore,  is  for  a  two- 
wire  circuit;  and  in  calculating  the  size  of  conductors  in  a  three-wire 
system,  the  calculation  should  l)e  made  on  a  two- wire  basis,  as  ex- 
plained hereinafter. 
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Formula  1  can  be  transformed  so  as  to  obtain  the  loss  in  a  given 
circuit,  or  the  current  which  may  be  carried  a  given  distance  with  a 
stated  loss,  or  to  obtain  the  distance  when  the  other  factors  are  given, 
in  the  following  manner: 

Formula  for  Calculating  Loss  in  Circuit  when  Sizci  Current,  and  Distance  are  Qiven 

T^  _    CX  DX  21.6  r^v 

^  ~  CM  V-^/ 

Formula  for  Calculating  Current  which  may  be  Carried  by  a  Given  Circuit  of  Specified 

Length,  and  with  a  Specified  Loss 

^~  DX 2i:6 y^f 

Formula  for  Calculating  Length  of  Circuit  when  Size.  Loss,  and  Current  to  be  Carried 

are  Qiven 

CM  XV  ,.v 

^~    C  X  21.6  V^/ 

Formulae  are  frequently  given  for  calculating  sizes  of  conductors, 
etc.,  where  the  load,  instead  of  being  given  in  amperes,  is  stated  in 
lamps  or  in  horse-power.  It  is  usually  advisable,  however,  to  reduce 
the  load  to  amperes,  as  the  efficiency  of  lamps  and  motors  is  a  variable 
quantity,  and  the  current  varies  correspondingly. 

It  is  sometimes  convenient,  however,  to  make  the  calculation 
in  terms  of  watts.  It  will  readily  be  seen  that  we  can  obtain  a  formula 
expressed  in  watts  from  Formula  1.  To  do  this,  it  is  advisable  to 
express  the  loss  in  volts  in  percentage,  instead  of  actual  volts  lost.  It 
must  be  remembered  that,  in  the  above  formulae,  V  represents  the 
volts  lost  in  the  circuit,  or,  in  other  words,  the  difference  in  potential 
between  the  beginning  and  the  end  of  the  circuit,  and  is  not  the 
applied  E.  M.  F.  The  loss  in  percentage,  in  any  circuit,  is  equal  to 
the  actual  loss  expressed  in  volts,  divided  by  the  line  voltage,  multiplied 
by  100;  or, 

P  =  -^  X  100. 

From  this  equation,  we  have: 

100 

If,  for  example,  the  calculation  is  to  1^  made  on  a  loss  of  5  per  cent, 
with  an  applied  voltage  of  250,  using  this  last  equation,  we  would  have : 

V  =  -^^-  =  12.5  volts. 

PE 

Substituting  the  equation     V=  -j^  in  Formula  1 ,  we  have? 
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C  M  =   <^  X  ^  X  21.6 


P  E 
100 

C  X  D  X  21.6  X  100 

PE 
C  X  D  X  2,160 

P  E 

This  equatioa.  it  should  be  remembered,  is  expressed  in  terms  of 
applied  voltage.  Now,  since  the  power  in  watts  is  equal  to  the  applied 
voltage  mvitiplied  by  the  current  (W  =  EC),  it  follows  that 


By  substituting  this  value  of  C  in  the  equation  given  above  (  C  Af = 

p~Er^ —  I  >  *^^  formula  is  expressed  in  terms  of  watts  instead 

of  current,  thus: 

CM=  ^xj>//^^. (5) 

in  which  W  =  Power  in  watts  transmitted : 

D  =  Length  of  the  circuit  (one  way) — that  is,  the  length  of  one 

conductor; 
P  =  Figure  representing  the  percentage  loss; 
E*=  Applied  voltage. 

All  the  above  formulae  are  for  calculations  of  two-wire  circuits. 
Tn  making  calculations  for  three-wire  circuits,  it  is  usual  to  make  the 
calculation  on  the  basis  of  the  two  outside  conductors;  and  in  three 
wire  calculations,  the  above  formulae  can  be  used  with  a  slight  modifi- 
cation, as  will  be  shown. 

In  a  three-wire  circuit,  it  is  usually  assumed  in  making  the  cal- 
culation, that  the  load  is  equally  balanced  on  the  two  sides  of  the 
neutral  conductor;  and,  as  the  potential  across  the  outside  conductors 
is  double  that  of  the  corresponding  potential  across  a  two-wire  circuit, 
it  is  evident  that  for  the  same  size  of  conductor  the  total  loss  in  volts 
could  be  doubled  without  increasing  the  percentage  of  loss  in  lamps. 
Furthermore,  as  the  load  on  one  side  of  the  neutral  conductor,  when 
the  system  is  balanced,  is  virtually  in  series  with  the  load  on  the 
third  side,  the  current  in  amperes  is  usually  one-half  the  sum  of  the 
current  required  by  all  the  lamps.     If  C  be  still  taken  as  the  total 

*NoTE.     liemember  that  V  in  Formulae  1  to  4  represeats  the  volts  lost,  but  that 
E  in  Formula  5  represents  the  applied  voltage. 
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current  in  amperes  (that  is,  the  sum  of  the  current  required  by  all  of 
the  lamps)  in  Formula  1,  we  shall  have  to  divide  this  current  by  2, 
to  use  the  formula  for  calculating  the  two  outside  conductors  for  a 
three-wire  system.  Furthermore,  we  shall  have  to  multiply  the 
voltage  lost  in  the  lamps  by  2,  to  obtain  the  voltage  lost  in  the  two  out- 
side conductors,  for  the  reason  that  the  potential  of  the  outside  con* 
ductors  is  double  the  potential  required  by  the  lamps  themselves. 
In  other  words,  Formula  1  will  become: 

CXDX  21.6 


CM 


2  X  V  X  2 

C;><DX21.6  ,'^x 


4r 

in  which  C  =  Sum  of  current  required  by  all  of  the  lamps  on  both  sides  of 

the  neutral  conductor; 
D  =  Length  of  circuit — that  is,  of  any  one  of  the  three  conductors; 
V  »=  Loss  allowed  in  the  lamps,  i.  e.,  one-half  the  total  loss  in  the 
two  outside  conductors. 

In  the  same  manner,  all  of  the  other  formulie  may  be  adapted  for 
making  calculations  for  three-wire  systems.  Of  course  the  calcula- 
tion of  a  three-wire  svstem  could  be  made  as  if  it  were  a  two-wire 
system,  by  taking  one-half  the  total  number  of  lamps  supplied,  at 
one-half  the  voltage  between  the  outside  conductors. 

It  is  understood,  of  course,  that  the  size  of  the  conductor  in 
Formula  6  is  the  size  of  each  of  the  two  outs  de  ones;  but,  inasmuch 
as  the  Rules  of  the  National  Electric  Code  require  that  for  interior 
wiring  the  neutral  conductor  shall  be  at  least  equal  in  size  to  the  outside 
conductors,  it  is  not  necessary  to  calculate  the  size  of  the  neutral 
conductor.  It  must  be  remembered,  however,  that,  in  a  three-wire 
system  where  the  neutral  conductor  is  made  equal  in  capacity  to  the 
combined  size  of  the  two  outside  conductors,  and  where  the  two 
outside  conductors  are  joined  together,  we  have  virtually  a  two-wire 
system  arranged  so  that  it  can  1x3  converted  into  a  three-wire  system 
later.  In  this  case  the  calculation  is  exactlv  the  same  as  in  the  cjise 
of  the  two-wire  circuits,  except  that  one  of  the  two  conductors  is  split 
into  two  smaller  wires  of  the  same  capacity.  This  is  frequently  done 
where  isolated  plants  are  installed,  and  where  the  generators  are  wound 
for  125  volts  and  it  may  he  desired  at  times  to  take  current  from  an 
outside  three-wire  12r)-2r>0-volt  svstem. 
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METHOD  OF  PLANNING  A  WIRING 

INSTALLATION 

The  first  step  in  planning  a  wiring  installation,  is  to  gather  all 
the  data  which  will  affect  either  directly  or  indirectly  the  system  of 
wiring  and  the  manner  in  which  the  conductors  are  to  be  installed. 
These  data  will  include:  Kind  of  building;  construction  of  building; 
space  available  for  conductors;  source  and  system  of  electric-current 
supply;  and  all  details  which  will  determine  the  method  of  wiring 
to  be  employed.  These  last  items  materially  affect  the  cost  of  the 
work,  and  are  usually  determined  by  the  character  of  the  building 
and  by  commercial  considerations. 

Method  of  Wiring.  In  a  modem  fireproof  building,  the  only 
system  of  wiring  to  be  recommended  is  that  in  which  the  conductors 
are  installed  in  rigid  conduits;  although,  even  in  such  cases,  it  may  be 
desirable,  and  economy  may  be  effected  thereby,  to  install  the  larger 
feeder  and  main  conductors  exposed  on  insulators  using  weatherproof 
slow-burning  wire.  This  latter  method  should  be  used,  however, 
only  where  there  is  a  convenient  runway  for  the  conductors,  so  that 
they  will  not  be  crowded  and  will  not  cross  pipes,  ducts,  etc.,  and 
also  will  not  have  too  many  bends.  Also,  the  local  inspection  authori- 
ties should  be  consulted  before  using  this  method. 

For  mills,  factories,  etc.,  wires  exposed  on  cleats  or  insulators 
are  usually  to  be  recommended,  although  rigid  conduit,  flexible  con- 
duit, or  armored  cable  may  be  desirable. 

In  finished  buildings,  and  for  extensions  of  existing  outlets, 
where  the  wiring  could  not  readily  or  conveniently  be  concealed, 
moulding  is  generally  used,  particularly  where  cleat  wiring  or  other 
exposed  methods  of  wiring  would  be  objectionable.  However,  as 
has  already  been  said,  moulding  should  not  be  employed  where  there 
is  any  liability  to  dampness. 

In  finished  buildings,  particularly  where  they  are  of  frame  con- 
struction, flexible  steel  conduits  or  armored  cable  are  to  be  recom- 
mended. 

While  in  new  buildings  of  frame  construction,  knob  and  tube 
wiring  are  frequently  employed,  this  method  should  be  used  only 
where  the  question  of  first  cost  is  of  prime  importance.  While  armored 
cable  will  cost  approximately  50  to  100  per  cent  more  than  knob  and 
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tube  wiring,  the  former  method  is  so  much  more  permanent  and  is 
so  much  safer  that  it  is  strongly  recommended. 

Systems  of  Wiring.  The  system  of  wiring — that  is,  whether 
the  two-wire  or  the  three-wire  system  shall  be  used — is  usually  deter- 
mined by  the  source  of  supply.  If  the  source  of  supply  is  an  isolated 
plant,  with  simple  two-wire  generators,  and  with  little  possibility 
of  current  being  taken  from  the  outside  at  some  future  time,  the 
wiring  in  the  building  should  be  laid  out  on  the  two-wire  system.  If, 
on  the  other  hand,  the  isolated  plant  is  three-wire  (having  three-wire 
generators,  or  two-wire  generators  with  balancer  sets),  or  if  the  cur- 
rent is  taken  from  an  outside  source,  the  wiring  in  the  building  should 
be  laid  out  on  a  three-wire  system. 

It  very  seldom  happens  that  current  supply  from  a  central  station 
is  arranged  with  other  than  the  three-wire  system  inside  of  buildings, 
because,  if  the  outside  supply  is  alternating  current,  the  transformers 
are  usually  adapted  for  a  three-wire  system.  For  small  buildings, 
on  the  other  hand,  where  there  are  only  a  few  lights  and  where  there 
would  be  only  one  feeder,  the  two- wire  system  is  used.  As  a  rule, 
however,  when  the  current  is  taken  from  an  outside  source,  it  is  best 
to  consult  the  engineer  of  the  central  station  supplymg  the  current, 
and  to  conform  with  his  wishes.  As  a  matter  of  fact,  this  should  be 
done  in  any  event,  in  order  to  ascertain  the  proper  voltage  for  the 
lamps  and  for  the  motors,  and  also  to  ascertain  whether  the  central 
station  will  supply  transformers,  meters,  and  lamps — for,  if  these 
are  not  thus  supplied,  they  should  be  included  in  the  contract  for  the 

wiring. 

Location  of  Outlets.  It  is  not  within  the  scope  of  this  treatise 
to  discuss  the  matter  of  illumination,  but  it  is  desirable,  at  this  point, 
to  outline  briefly  the  method  of  procedure. 

A  set  of  plans,  including  elevation  and  details,  if  any,  and  show- 
ing decorative  treatment  of  the  various  rooms,  should  be  obtained 
from  the  Architect.  A  careful  study  should  then  be  made  by  the 
Architect,  the  Owner,  and  the  Engineer,  or  some  other  person  qualified 
to  make  recommendations  as  to  illumination.  The  location  of  the 
outlets  will  depend:  First,  upon  the  decorative  treatment  of  the 
room,  which  determines  the  aesthetic  and  architectural  effects;  second, 
upon  the  type  and  general  form  of  fixtures  to  be  used,  which  shoulo 
be  previously  decided  on;  third,  upon  the  tastes  of  the  owners  or 
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occupants  in  regard  to  illumination  in  general,  as  it  is  found  that 
tastes  vary  widely  in  regard  to  amount  and  kind  of  illumination. 

The  location  of  the  outlets,  and  the  number  of  lights  required 
at  each,  having  been  determined,  the  outlets  should  be  marked  on 
the  plans. 

The  Architect  should  then  be  consulted  as  to  the  location  of  the 
centers  of  distribution,  the  available  points  for  the  risers  or  feeders, 
and  the  available  space  for  the  branch  circuit  conductors. 

In  regard  to  the  rising  'points  for  the  feeders  and  mains,  the  fol- 
lowing precautions  should  be  used  in  selecting  chases: 

1.  The  space  should  be  amply  large  to  accommodate  all  the  feeders  and 
mains  likely  to  rise  at  that  given  point.  This  seems  trite  and  unnecessary, 
but  it  is  the  most  usual  trouble  with  chases  for  risers.  Formerly  architects 
and  builders  paid  little  attention  to  the  requirements  for  chases  for  electrical 
work;  but  in  these  later  days  of  2-inch  and  2}-inch  conduit,  they  realize  that 
these  pipes  are  not  so  invisible  and  mysterious  as  the  force  they  serve  to  dis- 
tribute, particularly  when  twenty  or  more  such  conduits  must  be  stowed  away 
in  a  building  where  no  special  provision  has  been  made  for  them. 

2.  If  possible,  the  space  should  be  devoted  solely  to  electric  wiring. 
Steam  pipes  are  objectionable  on  account  of  their  temperature;  and  these  and 
all  other  pipes  are  objectionable  in  the  same  space  occupied  by  the  electrical 
conduits,  for  if  the  space  proves  too  small,  the  electric  conduits  are  the  first  to 
be  crowded  out. 

The  chase,  if  possible,  should  be  continuous  from  the  cellar  to  the  roof, 
or  as  far  as  needed.  This  is  necessary  in  order  to  avoid  unnecessary  bends  or 
elbows,  which  are  objectionable  for  many  reasons. 

In  similar  manner,  the  location  of  cut-out  cabinets  or  distributing 

centers  should  fulfil  the  following  requirements: 

1.  They  should  be  accessible  at  all  times. 

2.  They  should  be  placed  suflSciently  close  together  to  prevent  the  cir- 
cuits from  being  too  long. 

3.  Do  not  place  them  in  too  prominent  a  position,  as  that  is  objectionable 
from  the  Architect's  point  of  view. 

4.  They  should  be  placed  as  near  as  possible  to  the  rising  chases,  in 
order  to  shorten  the  feeders  and  mains  supplying  them. 

Having  determined  the  system  and  method  of  wiring,  the  location 
of  outlets  and  distributing  centers,  the  next  step  is  to  lay  out  the  branch 
circuits  supplying  the  various  outlets. 

Before  starting  to  lay  out  the  branch  circuits,  a  drawing  showing 
the  floor  construction,  and  showing  the  space  between  the  top  of  the 
beams  and  ginlers  and  the  flooring,  should  be  obtained  from  the  Archi- 
tect. In  f  "^proof  buildings  of  iron  or  steel  construction,  it  is  almost 
the  invariable  practice,  where  the  work  is  to  be  concealed,  to  run  the 
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conduits  over  the  beams,  under  the  rough  flooring,  carrying  them 
between  the  sleepers  when  running  parallel  to  the  sleepers,  and  notch- 
ing the  latter  when  the  conduits  run  across  them  (see  Fig.  31).  In 
wooden  frame  buildings,  the  conduits  run  parallel  to  the  beams  and 
to  the  furring  (see  Fig.  32);  they  are  also  sometimes  run  below  the 

Finished  Floorv  


^r^m^^''^-^<^^^'-■--y^f'''^-'y^'''-'^'''^^^ 


JRo-ugh  Flooring/ Sleeper  "^Conduii 


Cement  and  Ashes  /v^i^fe^^ 


Beam  I  \         \  lArch 


1 


Bea^ 


Fig.  31.    Running  Conductors  Concealed  under  Floor  in  Fireproof  Building. 

beams.  In  the  latter  case  the  beams  have  to  be  notched,  and  this  is 
allowable  only  in  certain  places,  usually  near  the  points  where  tlie 
beams  are  supported.  The  Architect's  drawing  is  therefore  necessary 
in  order  that  the  location  and  course  of  the  conduits  may  be  indicated 
on  the  plans. 

The  first  consideration  in  laying  out  the  branch  circuit  is  the 
number  of  outlets  and  number  of  lights  to  be  wired  on  any  one  branch 
circuit.  The  Rules  of  the  National  Electric  Code  (Rule  21-D)  require 
that  **no  set  of  incandescent  lamps  requiring  more  than  660  watts, 
whether  grouped  on  one  fixture  or  on  several  fixtures  or  pendants, 
will  be  dependent  on  one  cut-out."  While  it  would  be  possible  to 
have  branch  circuits  supplying  more  than  660  watts,  by  placing  various 
cut-outs  at  different  points  along  the  route  of  the  branch  circuit,  so 
as  to  subdivide  it  into  small  sections  to  comply  with  the  rule,  this 
method  is  not  recommended,  except  in  certain  cases,  for  exposed  wiring 
in  factories  or  mills.  As  a  rule,  the  proper  method  is  to  have  the 
cut-outs  located  at  the  center  of  distribution,  and  to  limit  each  branch 
circuit  to  660  watts,  which  corresponds  to  twelve  or  thirteen  50-watt 
lamps,  twelve  being  the  usual  limit.  Attention  is  called  to  the  fact 
that  the  inspectors  usually  allow  50  watts  for  each  socket  connected 
to  a  branch  circuit;  and  although  S-candle-power  lamps  may  be 
placed  at  some  of  the  outlets,  the  inspectors  hold  that  the  standard 
lamp  is  approximately  50  watts,  and  for  that  reason  th'^'^'^  is  always 
the  likelihood  of  a  lamp  of  that  capacity  being  used,  and  their  mspec- 
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tion  is  based  on  that  assumption.  Therefore,  to  comply  with  the 
requirements,  an  allowance  of  not  more  than  twelve  lamps  per  branch 
circuit  should  be  made. 

In  ordinary  practice,  however,  it  is  best  to  reduce  this  number 
still  further,  so  as  to  make  allowance  for  future  extensions  or  to  increase 
the  number  of  lamps  that  may  be  placed  at  any  outlet.  For  this 
reason,  it  is  wise  to  keep  the  number  of  the  outlets  on  a  circuit  at  the 
lowest  point  consistent  with  economical  wiring.  It  has  been  proven 
by  actual  practice,  that  the  best  results  are  obtained  by  limiting  the 
number  to  five  or  six  outlets  on  a  branch  circuit.  Of  course,  where 
all  the  outlets  have  a  single  light  each,  it  is  frequently  necessary,  for 
reasons  of  economy,  to  increase  this  number  to  eight,  ten,  and,  in 
some  cases,  t^velve  outlets. 

We  have  already  referred  to  the  location  of  the  wires  or  conduits. 
This  question  is  generally  settled  by  th^  peculiarities  of  the  construc- 
tion of  the  building.  It  is  necessary  to  know  this,  however,  before 
laying  out  the  circuit  work,  as  it  frequently  determines  the  course  of 
a  circuit. 

Now,  as  to  the  course  of  the  circuit  work,  little  need  be  said, 
as  it  is  largely  influenced  by  the  relative  position  of  the  outlets,  cut- 
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Fi^.  32.    KunuiDg  Conductors  Concealed  under  Floor  in  W^ooden  Frame  Building. 

outs,  switches,  etc.  Between  the  cut-out  box  and  the  first  outlet,  and 
between  the  outlets,  it  will  have  to  be  decided,  however,  whether 
the  circuits  shall  run  at  right  angles  to  the  walls  of  the  building  or 
r(K)m,  or  whether  they  shall  nm  direct  from  one  point  to  another, 
irrespective  of  the  angle  they  make  to  the  sleepers  or  beams.  Of 
course,  in  the  former  case,  the  advantages  are  that  the  c^ost  is  some- 
what less  and  the  number  of  elbows  and  bends  is  reduced.    If  the 
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tubes  are  bent,  however,  instead  of  using  elbows,  the  difference  in 
cost  is  usually  very  slight,  and  probably  does  not  compensate  for  the 
disadvantages  that  would  result  from  running  the  tubes  diagonally. 
As  to  the  number  of  bends,  if  branch  circuit  work  is  properly  laid 
out  and  installed,  and  a  proper  size  of  tube  used,  it  rarely  happens 
that  there  is  any  difference  in  "pulling"  the  branch  circuit  wires. 
It  may  happen,  in  the  event  of  a  very  long  run  or  one  having  a  large 
number  of  bends,  that  it  might  be  advisable  to  adopt  a  short  and 
most  direct  route. 

Up  to  this  time,  the  location  of  the  distribution  centers  has  been 
made  solely  with  reference  to  architectural  considerations;  but  they 
must  now  be  considered  in  conjunction  with  the  branch  circuit  work. 

It  frequently  happens  that,  after  running  the  branch  circuits 
on  the  plans,  we  find,  in  certain  cases,  that  the  position  of  centers  of 
distribution  may  be  changed  to  advantage,  or  sometimes  certain 
groups  may  be  dispensed  with  entirely  and  the  circuits  run  to  other 
points.  We  now  see  the  wisdom  of  ascertaining  from  the  Architect 
where  cut-out  groups  may  be  located,  rather  than  selecting  particular 
points  for  their  location. 

As  a  rule,  wherever  possible,  it  is  wise  to  limit  the  length  of  each 
branch  circuit  to  100  feet;  and  the  number  and  location  of  the  dis- 
tributing centers  should  be  determined  accordingly. 

It  may  be  found  that  it  is  sometimes  necessary  and  even  desirable 
to  increase  the  limit  of  length.  One  instance  of  this  may  be  found  in 
hall  or  corridor  lights  in  large  buildings.  It  is  generally  desirable, 
in  such  cases,  to  control  the  hall  lights  from  one  point;  and,  as  the 
number  of  lights  at  each  outlet  is  generally  small,  it  would  not  be 
economical  to  run  mains  for  sub-centers  of  distribution.  Hence, 
in  instances  of  this  character,  the  length  of  runs  will  frequently  exceed 
the  limit  named.  In  the  great  majority  of  cases,  however,  the  best 
results  are  obtained  by  limiting  the  runs  to  90  or  100  feet. 

There  are  several  good  reasons  for  placing  such  a  limit  on  the 
length  of  a  branch  circuit.  To  begin  with,  assuming  that  we  are  going 
to  place  a  limit  on  the  loss  in  voltage  (drop)  from  the  switchboard  to 
the  lamp,  it  may  be  easily  proven  that  up  to  a  certain  reasonable 
limit  it  is  more  economical  to  have  a  larger  number  of  distributing 
centers  and  shorter  branch  circuits,  than  to  have  fewer  centers  and 
longer  circuits.    It  is  usual,  in  the  better  class  of  work,  to  limit  the 
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loss  in  voltage  in  any  branch  circuit  to  approximately  one  volt.  As- 
suming this  limit  (one  volt  loss),  it  can  readily  be  calculated  that  the 
number  of  lights  at  one  outlet  which  may  be  connected  on  a  branch 
circuit  100  feet  long  (using  No.  14  B.  &  S.  wire),  is  four;  or  in  the 
case  of  outlets  having  a  single  light  each,  five  outlets  may  be  con- 
nected on  the  circuit,  the  first  being  60  feet  from  the  cut-out,  the  others 
being  10  feet  apart. 

These  examples  are  selected  simply  to  show  that  if  the  branch 
circuits  are  much  longer  than  100  feet,  the  loss  must  be  increased 
to  more  than  one  volt,  or  else  the  number  of  lights  that  may  be  con- 
nected to  one  circuit  must  be  reduced  to  a  very  small  quantity,  pro- 
vided, of  course,  the  size  of  the  wire  remains  the  same. 

Either  of  these  alternatives  is  objectionable — the  first,  on  the 
score  of  regulation;  and  the  second,  from  an  economical  standpoint. 
If,  for  instance,  the  loss  in  a  branch  circuit  with  all  the  lights  turned 
on  is  four  volts  (assuming  an  extreme  case),  the  voltage  at  which  a 
lamp  on  that  circuit  bums  will  vary  from  four  volts,  depending  on  the 
number  of  lights  burning  at  a  time.  This,  of  course,  will  cause  the 
lamp  to  bum  below  candle-power  when  all  the  lamps  are  tumed  on, 
or  else  to  diminish  its  life  by  burning  above  the  proper  voltage  when 
it  is  the  only  lamp  buming  on  the  circuit.  Then,  too,  if  the  drop  in 
the  branch  circuits  is  increased,  the  sizes  of  the  feeders  and  the  mains 
must  be  correspondingly  increased  (if  the  total  loss  remains  the  same), 
thereby  increasing  their  cost. 

If  the  number  of  lights  on  the  circuit  is  decreased,  we  do  not  use 
to  good  advantage  the  available  carrying  capacity  of  the  wire. 

Of  course,  one  solution  of  the  problem  would  be  to  increase  the 
size  of  the  wire  for  the  branch  circuits,  thus  reducing  the  drop.  This, 
however,  would  not  be  desirable,  except  in  certain  cases  where  there 
were  a  few  long  circuits,  such  as  for  corridor  lights  or  other  special 
control  circuits.  In  such  instances  as  these,  it  would  be  better  to 
increase  the  sizes  of  the  branch  circuit  to  No.  12  or  even  No.  10 
B.  &  S.  Gauge  conductors,  than  to  increase  the  number  of  centers 
of  distribution  for  the  sake  of  a  few  circuits  only,  in  order  to  reduce 
the  numl)er  of  lamps  (or  loss)  within  the  limit. 

The  method  of  calculating  the  loss  in  conductors  has  been  given 
elsewhere;  but  it  must  be  borne  in  mind,  in  calculating  the  loss  of  a 
branch  circuit  supplying  more  than  one  outlet,  that  separate  calcu- 


879 


36  ELECTRIC  WIRING 

4  ,1-. 

lations  must  be  made  for  each  portion  of  the  circuit.  That  is,  a 
calculation  must  be  made  for  the  loss  to  the  first  outlet,  the  length  in 
this  case  being  the  distance  from  the  center  of  distribution  to  the  first 
outlet,  and  the  load  being  the  total  number  of  lamps  supplied  by  the 
circuit.  The  next  step  would  be  to  obtain  the  loss  between  the  first 
and  second  outlet,  the  length  being  the  distance  between  the  two  out- 
lets, and  the  load,  in  this  case,  being  the  total  number  of  lamps  sup- 
plied by  the  circuit,  minus  the  number  supplied  by  the  first  outlet; 
and  so  on.  The  loss  for  the  total  circuit  would  be  the  sum  of  these 
losses  for  the  various  portions  of  the  circuit. 

Feeders  and  Mains.  If  the  building  is  more  than  one  story,  an 
elevation  should  be  made  showing  the  height  and  number  of  stories. 
On  this  elevation,  the  various  distributing  centers  should  be  shown 
diagrammatically;  and  the  current  in  amperes  supplied  through 
each  center  of  distribution,  should  be  indicated  at  each  center.  The 
next  step  is  to  lay  out  a  tentative  system  of  feeders  and  mains,  and  to 
ascertain  the  load  in  amperes  supplied  by  each  feeder  and  main. 
The  estimated  length  of  each  feeder  and  main  should  then  be  deter- 
mined, and  calculation  made  for  the  loss  from  the  switchboard  to 
each  center  of  distribution.  It  may  be  found  that  in  some  cases  it 
will  be  necessary  to  change  the  arrangement  of  feeders  or  mains,  or 
even  the  centers  of  distribution,  in  order  to  keep  the  total  loss  from  the 
switchboard  to  the  lamps  within  the  limits  previously  determined. 
As  a  matter  of  fact,  in  important  work,  it  is  always  best  to  lay  out  the 
entire  work  tentatively  in  a  more  or  less  crude  fashion,  according  to 
the  "cut  and  dried"  method,  in  order  to  obtain  the  best  results,  because 
the  entire  layout  may  be  modified  after  the  first  preliminary  layout 
has  been  made.  Of  course,  as  one  becomes  more  experienced  and 
skilled  in  these  matters,  the  final  layout  is  often  almost  identical  with 
the  first  preliminary  arrangement. 

TESTINQ 

Where  possible,  two  tests  of  the  electric  wiring  equipment  should 
be  made,  one  after  the  wiring  itself  is  entirely  completed,  and  switches, 
cut-out  panels,  etc.,  are  connected;  and  the  second  one  after  the 
fixtures  have  all  been  •installed.  The  reason  for  this  is  that  if  a  ground 
or  short  circuit  is  discovered  before  the  fixtures  are  installed,  it  is 
more  easily  remedied;  and  secondly,  l)ecause  there  is  no  division  of 
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the  responsibility,  as  there  might  be  if  the  first  test  were  made  only 
after  the  fixtures  were  installed.  If  the  test  shows  no  grounds  or 
short  circuits  before  the  fixtures  are  installed,  and  one  does  develop 
after  they  are  installed,  the  trouble,  of  course,  is  that  the  short  circuit 
or  ground  is  one  or  more  of  the  fixtures.  As  a  matter  of  fact,  it  is  a 
wise  plan  always  to  make  a  separate  test  of  each  fixture  after  it  is 
delivered  at  the  building  and  before  it  is  installed. 

While  a  magneto  is  largely  used  for  the  purpose  of  testing,  it  is 
at  best  a  crude  and  unreliable  method.  In  the  first  place,  it  does 
not  give  an  indication,  even  approximately,  of  the  total  insulation 
resistance,  but  merely  indicates  whether  there  is  a  ground  or  short 
circuit,  or  not.  In  some  instances,  moreover,  a  magneto  test  has 
led  to  serious  errors,  for  reasons  that  will  be  explained.  If,  as  is 
nearly  always  the  case,  the  magneto  is  an  alternating-current  instru- 
ment, it  may  sometimes  happen — particularly  in  long  cables,  and 
especially  where  there  is  a  lead  sheathing  on  the  cable — that  the 
magneto  will  ring,  indicating  to  the  uninitiated  that  there  is  a  ground 
or  short  circuit  on  the  cable.  This  may  be,  and  usually  is,  far  from 
being  the  case;  and  the  cause  of  the  ringing  of  the  magneto  is  not  a 
ground  or  short  circuit,  but  is  due  to  the  capacity  of  the  cable,  which 
acts  as  a  condenser  under  certain  conditions,  since  the  magneto  produc- 
ing an  alternating  current  repeatedly  charges  and  discharges  the  cable 
in  opposite  directions,  this  changing  of  the  current  causing  the  magneto 
to  ring.  Of  course,  this  defect  in  a  magneto  could  be  remedied  by 
using  a  commutator  and  changing  it  to  a  direct-current  machine; 
but  as  the  method  is  faulty  in  itself,  it  is  hardly  worth  while  to  do  this. 

A  portable  galvanometer  with  a  resistance  box  and  Wlieatstone 
bridge,  is  sometimes  employed;  but  this  method  is  objectionable 
because  it  requires  a  special  instrument  which  cannot  be  used  for 
many  other  purposes.  Furthermore,  it  requires  more  skill  and  time 
to  use  than  the  voltmeter  method,  which  will  now  be  described. 

The  advantage  of  the  voltmeter  method  is  that  it  requires  merely 
a  direct-current  voltmeter,  which  can  be  used  for  many  other  purposes, 
and  which  all  engineers  or  contractors  should  possess,  together  with 
a  box  of  cells  having  a  potential  of  preferably  over  30  volts.  The  volt- 
meter should  have  a  scale  of  not  over  150  volts,  for  the  reason  that  if 
the  scale  on  which  the  battery  is  used  covers  too  wide  a  range  (say 
1,000  volts)  the  readings  might  be  so  small  as  to  make  the  test  inac- 
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curate.  A  good  arrangement  would  be  to  have  a  voltmeter  having 
two  scales — say,  one  of  60  and  one  of  600 — which  would  make  the 
voltmeter  available  for  all  practical  potentials  that  are  likely  to  be 
used  inside  of  a  building.  If  desired,  a  voltmeter  could  be  obtained 
with  three  connections  having  three  scales,  the  lowest  scale  of  which 
would  be  used  for  testing  insulation  resistances. 

Before  starting  a  test,  all  of  the  fuses  should  be  inserted  and 
switches  turned  on,  so  that  the  complete  test  of  the  entire  installation 
can  be  made.  When  this  has  been  done,  the  voltmeter  and  battery 
should  be  connected,  so  as  to  obtain  on  the  lowest  scale  of  the  volt- 
meter the  electromotive  force  of  the  entire  group  of  cells.  This 
connection  is  shown  in  Fig.  33.     Immediately  after  this  has  been  done, 

the  insulation  resistance  to  be  tested 
is  placed  in  circuit,  whether  tlie 
insulation  to  be  tested  is  a  switch- 
board, slate  panel-board,  or  the 
entire  wiring  installation;  and  the 
connections  are  made  as  shown  in 
Fig.  34.  A  reading  should  then 
again  be  taken  of  the  voltmeter; 
and  the  leakage  is  in  proportion 
to  the  difference  between  the  first 
and  second  readings  of  the  volt- 
meter. The  explanation  given  below 
will  show  how  this  resistance  may  be  calculated :  It  is  evident  that 
the  resistance  in  the  first  case  was  merely  the  resistance  of  the  volt- 
meter and  the  internal  resistance  of  the  batteiy.  As  a  rulo,  the  internal 
resistance  of  the  battery  is  so  small  in  companson  with  the  resistance 
of  the  voltmeter  and  the  external  resistance,  that  it  may  be  entirely 
neglected,  and  this  will  be  done  in  the  following  calculation.  In  the 
second  case,  however,  the  total  resistance  in  circuits  is  the  resistance 
of  the  voltmeter  and  the  battery,  plus  the  entire  insulation  resistance 
on  all  the  wires,  etc.,  connected  in  circuit. 

To  put  this  in  mathematical  form,  the  voltage  of  the  cells  may 
be  indicated  by  the  letter  E;  and  the  reading  of  the  voltmeter  when 
the  insulation  resistance  is  connected  by  the  circuit,  by  the  letter  E\ 
Let  R  represent  the  resistance  of  the  voltmeter  and  R^  represent  the 
insulation  resistance  of  the  installation  which  we  wish  to  measure. 
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It  is  a  fact  which  the  reader  undoubtedly  knows,  that  the  E.  M.  F.  as 
indicated  by  the  voltmeter  in  Fig.  34  is  inversely  proportional  to  the 
resistance:  that  is,  the  greater  the  resistance,  the  lower  will  be  the 
reading  on  the  voltmeter,  as  this  reading  indicates  the  leakage  or  cur- 
rent passing  through  the  resistance.  Putting  this  in  the  shape  of  a 
formula,  we  have  from  the  theory  of  proportion : 


or, 

Transposing, 

and 


E  :F/  ::R  -{•  Rx  :R; 
E'  R  +  E'  Rx'-E  R. 
E'  Rx^ER-E'  R==R  (E-E'\ 
_R{E^E') 

^'- — w — 


Or,  expressed  in  words,  the  insulation  resistance  is  equal  to  the  resist- 
ance of  the  volt- 
meter mvliiplied  by 
the  difference  be- 
tween the  first  read- 
ing (or  the  voltage 
in  the  cells)  and 
the  second  reading 
(or  the  reading  of 
the  voltmeter  with 
the    insulation    re- 


BaUery 

"iiliilili 


■O — — &» 


5"»-Bus 


■E 


"^-Bua 


Fig.  84.    Insulation  Resistance  Placed  in  Circuit,  Ready  fur 

Testing. 


sistance  in  series  with  the  voltmeter),  divided  by  this  last  reading  of 
the  voltmeter. 

Example.  Assume  a  resistance  of  a  voltmeter  (it)  of  20,000  ohms, 
and  a  voltage  of  the  cells  (E)  of  30  volts;  and  suppose  that  the  insula- 
tion resistance  test  of  a  wiring  installation,  including  switchboard, 
feeders,  branch  circuits,  panel-boards,  etc.,  is  to  be  made,  the  insula- 
tion resistance  being  represented  by  the  letter  it,  •     By  substituting 

in  the  formula 

i?  (^  -  E') 


Rx  = 


E' 


and  assuming  that  the  reading  of  the  voltmeter  with  the  insulation 
resistance  connected  is  5,  we  have: 


„  2Q>000  X  (30-5) 


100,000  ohms. 


If  the  test  shows  an  excessive  amount  of  leakage,  or  a  ground  or 
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short  circuit,  the  location  of  the  trouble  may  be  determined  by  the 
process  of  elimination — ^that  is,  by  cutting  out  the  various  feeders 
until  the  ground  or  leakage  disappears,  and,  when  the  feeder  on  which 
the  trouble  exists  has  been  located,  by  following  the  same  process 
with  the  branch  circuits. 

Of  course,  the  larger  the  installation  and  the  longer  and  more 
numerous  the  circuits,  the  greater  the  leakage  will  be;  and  the  lower 
will  be  the  insulation  resistance,  as  there  is  a  greater  surface  exposed 
for  leakage.  The  Rules  of  the  National  Electric  Code  give  a  sliding 
scale  for  the  requirements  as  to  insulation  resistance,  depending  upon 
the  amount  of  current  carried  by  the  various  feeders,  branch  circuits, 
etc.  The  nile  of  the  National  Electric  Code  (No.  66)  covering  this 
point,  is  as  follows: 

"The  wiring  in  any  building  must  test  free  from  grounds;  i.  c,  the  com- 
plete installation  must  have  an  insulation  between  conductors  and  between 
all  conductors  and  the  ground  (not  including  attachments,  sockets,  recepta- 
cles, etc.)  not  less  than  that  given  in  the  following  table: 

Up  to         5  amperes 4,000,000  ohms 

10*       "         2,000,000     '* 

"  25        "         800,000     " 

"  50       "         400,000     " 

"         100        "         200,000     " 

"        200        "         100,000     " 

"        400       "         .• 50,000     " 

"        800       "         25,0(10     " 

"     1,600       "         12,500     " 

"The  test  must  be  made  with  all  cut-outs  and  safety  devices  in  place.  If 
the  lamp  sockets,  receptacles,  electroliers,  etc.,  are  also  connected,  only  one- 
half  of  the  resistances  specified  in  the  table  will  be  required." 

ALTERNATINQ-CURRENT  CIRCUITS 

It  is  not  within  the  province  of  this  chapter  to  treat  the  various 
alternating-current  phenomena,  but  simply  to  outline  the  modifications 
which  should  be  made  in  designing  and  calculating  electric  light 
wiring,  in  order  to  make  proper  allowance  for  these  phenomena. 

The  most  marked  difference  between  alternating  and  direct  cur- 
rent, so  far  as  wiring  is  concerned,  is  the  effect  produced  by  self- 
induction,  which  is  characteristic  of  all  alternating-current  circuits. 
This  self-induction  varies  greatly  with  conditions  depending  upon 
the  arrangement  of  the  circuit,  the  medium  surrounding  the  circuit, 
the  devices  or  apparatus  supplied  by  or  connected  in  the  circuit,  etc. 
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For  example,  if  a  coil  having  a  resistance  of  100  ohms  is  included  in 
the  circuit,  a  current  of  one  ampere  can  be  passed  through  the  coil 
with  an  electric  pressure  of  100  volts,  if  direct  current  is  used ;  while 
it  might  require  a  potential  of  several  hundred  volts  to' pass  a  current 
of  one  ampere  if  alternating-current  were  used,  depending  upon  the 
number  of  turns  in  the  coil,  whether  it  is  wound  on  iron  or  some  other 
non-magnetic  material,  etc. 

It  will  be  seen  from  this  example,  that  greater  allowance  should 
be  made  for  self-induction  in  laying  out  and  calculating  alternating- 
current  wiring,  if  the  conditions  are  such  that  the  self-induction  will 
be  appreciable. 

On  account  of  self-induction,  the  two  wires  of  an  alternating- 
current  circuit  must  never  be  installed  in  separate  iron  or  steel  con- 
duits, for  the  reason  that  such  a  circuit  would  be  virtually  a  choke  coil 
consisting  of  a  single  turn  of  wire  wound  on  an  iron  core,  and  the  self- 
induction  would  not  only  reduce  the  current  passing  through  the  cir- 
cuit, but  also  might  produce  heating  of  the  iron  pipe.  It  is  for  this 
reason  that  the  National  Electric  Code  requires  conductors  constitut- 
ing a  given  circuit  to  be  placed  in  the  same  conduit,  if  that  conduit 
is  iron  or  steel,  whenever  the  said  circuit  is  intended  to  carry,  or  is 
liable  to  carry  at  some  future  time,  an  alternating  current.  This  does 
not  mean,  in  the  case  of  a  two-phase  circuit,  that  all  four  conductors 
need  be  placed  in  the  same  conduit,  but  that  the  two  conductors  of  a 
given  phase  must  be  placed  in  the  same  conduit.  If,  however,  the 
three-wire  system  be  used  for  a  tw^o-phase  system,  all  three  conductors 
should  be  placed  in  the  same  conduit,  as  should  also  be  the  case  in  n 
three-wire  three-phase  system.  Of  course,  in  a  single-phase  two-  or 
three-wire  system,  the  conductors  should  all  be  placed  in  the  same 
conduit. 

In  calculating  circuits  carrying  alternating  current,  no  allowance 
usually  should  be  made  for  self-induction  when  the  conductors  of  the 
same  circuit  are  placed  close  together  in  an  iron  conduit.  Wlien, 
however,  the  conductors  are  run  exposed,  or  are  separated  from  each 
other,  calculation  should  be  made  to  determine  if  the  effects  of  self- 
induction  are  great  enough  to  cause  an  appreciable  inductive  drop. 
There  are  several  methods  of  calculating  this  drop  due  to  self-induc- 
tion— one  by  formula,  and  one  by  a  mathematical  method  which  w^ili 
be  described. 
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Skin  Effect-  Skin  eflfect  in  alternating-current  circuits  is  caused 
by  an  incorrect  distribution  of  the  current  in  the  wire,  the  current 
tending  to  flow  through  the  outer  portion  of  the  wire,  it  being  a  well- 
known  fact  that  in  alternating  currents,  the  current  density  decreases 
toward  the  center  of  the  conductor,  and  that  in  large  wires,  the  current 
density  at  the  center  of  the  conductor  is  relatively  quite  small. 

The  skin  effect  increases  in  proportion  to  the  square  of  the  diam- 
eter, and  also  in  direct  ratio  to  the  frequency  of  the  alternating  current. 

For  conductors  of  No.  0000  B.  &  S.  Gauge,  and  smaller,  and  for 
frequencies  of  60  cycles  per  second,  or  less,  the  skin  effect  is  negligible 
and  is  less  than  one-half  of  one  per  cent. 

For  veiy  large  cables  and  for  frequencies  above  60  cycles  per 
second,  the  skin  effect  may  be  appreciable;  and  in  certain  cases,  allow- 
ance for  it  should  be  made  in  making  the  calculation.  In  ordinary 
practice,  however,  it  may  be  neglected.  Table  IX,  taken  from  AUer^ 
naiing-Current  Wiring  and  Distribution,  by  W.  R.  Emmet,  gives  the 
data  necessary  for  calculating  the  skin  effect.  The  figures  given  in 
the  first  and  third  columns  are  obtained  by  multiplying  the  size  of  the 
conductor  (in  circular  mils)  by  the  frequency  (number  of  cycles  per 
second);  and  the  figures  in  the  second  and  fourth  columns  show  the 
factor  to  be  used  in  multiplying  the  ohmic  resistance,  in  order  to 
obtain  the  combined  resistance  and  skin  effect 

TABLE  IX 
Data  for  Calcalatlns:  Skin  Effect 


Product  of   Circular 

Factor 

Product  op   Circular 

Factor 

MiiiS  X  Cycles  pkr  Skc. 

Mils  X  Cycles  per  Skc. 

10,000,000 

1.00 

70,000,000 

1.13 

20,000,000 

1.01 

80,000,000 

1.17 

30,000,000 

1.03 

90,000,000 

1.20 

40,000,000 

1.05 

100,000,000 

1.25 

50,000,000 

1.08 

125,000,000 

1.34 

60,000,000 

1.10 

150,000,000 

1.43 

The  factors  given  in  this  table,  multiplied  by  the  resistance  to  direct  cur- 
rents, will  give  the  resistance  to  alternating  currents  for  copper  conductors  of 
circular  cross-section. 

Mutual  Induction.  When  two  or  more  circuits  are  run  in  the 
sane  vicinity,  there  is  a  possibility  of  one  circuit  inducing  an  electro- 
motive force  in  the  conductors  of  an  adjoining  circuit.  This  eflFect 
may  result  in  raising  or  lowering  the  E.  M.  F.  in  the  circuit  in  which  a 
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mutual  induction  takes  place.  The  amount  of  this  induced  E.  M.  F. 
set  up  in  one  circuit  by  a  parallel  current,  is  dependent  upon  the  cur- 
rent, the  frequency,  the  lengths  of  the  circuits  running  parallel  to  each 
other,  and  the  relative  positions  of  the  conductors  constituting  the 
said  circuits. 

Under  ordinary  conditions,  and  except  for  long  circuits  carrying 
high  potentials,  the  effect  of  mutual  induction  is  so  slight  as  to  be 
negligible,  unless  the  conductors  are  improperly  arranged.  In  order 
to  prevent  mutual  induction,  the  conductors  constituting  a  given 
circuit  should  be  grouped  together.    Figs.  35  io  39,  inclusive,  show 


i^oo  AH.       .035  Volts. 


o    o 


7,200     Alt.         .016  Volts. 


Fig.  85. 


O  O  •  •  '^^^^    '^^*- 


Fig.  36. 


o    o 


Fig.  87. 


o    o 


Fig.  38. 


.015  Volts. 

^200    Alt.       .ooesVoltd. 

I^OO    Alt.         .070  Volts. 
7200     Alt.         .032  Volts. 


1^000   Alt.         .006 Volts. 
7200      Alt.         .0027Volt5. 


r\  O  A  I^OOO  Alt.         .112     Volts. 

V^       ^    ^  -^QQ    ^y^         .050  Volts, 

Fig.  89. 

Various  Groupings  of  Conductors  In  Two  Two-Wire  Circuits,  Uivlng  Various 

Effects  of  Induction. 

five  arrangements  of  two  two-wire  circuits;  and  show  how  relatively 
small  the  effect  of  first  induction  is  when  the  conductors  are  properly 
arranged,  as  in  Fig.  38,  and  how  relatively  large  it  may  be  when  im- 
properly arranged,  as  in  Fig.  39.  These  diagrams  are  taken  from 
a  publication  of  Mr.  Charles  F.  Scott,  entitled  Polyphase  Trans- 
mission, issued  by  the  Westinghouse  Electric  &  Manufacturing 
Company.    • 

Line  Capacity.  The  effect  of  capacity  is  usually  negligible, 
except  in  long  transmission  lines  where  high  potentials  are  used;  no 
calculations  or  allowance  need  be  made  for  capacity,  for  ordinary 
circuits. 
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Calculation  of  Alternating^urrent  Circuits.  In  the  instruction 
paper  on  "Power  Stations  and  Transmission,"  a  method  b  given  for 
calculating  alternating-current  lines  by  means  of  formulae,  and  data  are 
given  regarding  power  factor  and  the  calculation  of  both  single-phase 
and  polyphase  circuits.  For  short  lines,  secondary  wiring,  etc.,  how- 
ever, it  is  probably  more  convenient  to  use  the  chart  method  devised 
by  Mr.  Ralph  D.  Mershon,  described  in  the  American  Electrician  of 
June,  1897,  and  partially  reproduced  as  follows: 

DROP  IN  ALTERNATINQ4:URRENT  LINES 

When  alternating  currents  first  came  into  use,  when  transmission 
distances  were  short  and  the  only  loads  carried  were  lamps,  the  ques- 
tion of  drop  or  loss  of  voltage  in  the  transmitting  line  was  a  simple  one, 
and  the  same  methods  as  for  direct  current  could  without  serious 
error  be  employed  in  dealing  with  it.  The  conditions  existing  in 
alternating  practice  to-day — longer  distances,  polyphase  circuits, 
and  loads  made  up  partly  or  wholly  of  induction  motors — ^render 
this  question  less  simple;  and  direct-current  methods  applied  to  it 
do  not  lead  to  satisfactory  results.  Any  treatment  of  this  or  of 
any  engineering  subject,  if  it  is  to  benefit  the  majority  of  engineers, 
must  not  involve  groping  through  long  equations  or  complex  diagrams 
in  search  of  practical  results.  The  results,  if  any,  must  be  in  avail- 
able and  convenient  form.  In  what  follows,  the  endeavor  has  been 
made  to  so  treat  the  subject  of  drop  in  alternating-current  lines  that 
if  the  reader  be  grounded  in  the  theory  the  brief  space  devoted  to 
it  will  suflBce;  but  if  he  do  not  comprehend  or  care  to  follow  the 
simple  theory  involved,  he  may  nevertheless  turn  the  results  to  his 
practical  advantage. 

Calculation  of  Drop.  Most  of  the  matter  heretofore  published 
on  the  subject  of  drop  treats  only  of  the  inter-relation  of  the  E.  M.  F.'s 
involved,  and,  so  far  as  the  writer  knows,  there  have  not  appeared 
in  convenient  form  the  data  necessary  for  accurately  calculating  this 
quantity.  Table  X  (page  47)  and  the  chart  (page  46)  include,  in  a 
form  suitp.ble  for  the  engineer's  pocketbook,  everything  necessary 
for  calculating  the  drop  of  alternating-current  lines. 

The  chart  is  simply  an  extension  of  tlie  vector  diagram  (Fig.  40), 
giving  the  relations  of  the  E.  M.  F.'s  of  line,  load  and  generator.    In 
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Fig.  40,  E  is  the  generator  E.  M.  F. ;  e,  the  E.  M.  F.  impressed  upon 
the  load ;  c,  that  component  of  E  which  overcomes  the  back  E.  M.  F. 
due  to  the  impedance  of  the  line.  The  component  c  is  made  up  of  two 
components  at  right  angles  to  each  other.  One  is  a,  the  component 
overcoming  the  IR  or  back  E.  M.  F.  due  to  resistance  of  the  line. 
The  other  is  5,  the  component  overcoming  the  reactance  E.  M.  F.  or 
back  E.  M.  F.  due  to  the  alternating  field  set  up  around  the  wire  by 
the  current  in  the  wire.  The  drop  is  the  difference  between  E  and 
e.  It  is  d,  the  radial  distance  between  two  circular  arcs,  one  of  which 
is  drawn  with  a  radius  e,  and  the  other  with  a  radius  E. 

The  chart  is  made  by  striking  a  succession  of  circular  arcs  with 
0  as  a  center. 
The  radius  of  the 
smallest  circle  cor- 
responds to  e,  the 
E.  M.  F.  of  the 
load,  which  is  taken 
as  100  per  cent. 
The  radii  of  the  suc- 
ceeding circles  in- 
crease by  1  per  cent 
of  that  of  the  small- 
est circle;  and,  as 
the  radius  of  the 
last  or  largest  cir- 
cle is  140  per  cent 
of  that  of  the  smallest,  the  chart  answers  for  drops  up  to  40  per  cent  of 
the  E.  M.  F.  delivered. 

The  terms  reliance  volts,  resistance  E.  M.  F.,  reactance  volts, 
and  reactance  E.  M.  F.,  refer,  of  course,  to  the  voltages  for  overcom- 
ing the  back  E.  M.  F.'s  due  to  resistance  and  reactance  respectively. 
The  figures  given  in  the  table  under  the  heading  "Resistance-Volts 
for  One  Ampere,  etc."  are  simply  the  resistances  of  2,000  feet  of  the 
various  sizes  of  wire.  The  values  given  under  the  heading  "React- 
ance-Volts, etc  J'  are,  a  part  of  them,  calculated  from  tables  published 
some  time  ago  by  Messrs.  Houston  and  Kennelly.  The  remainder 
were  obtained  by  using  Maxwell's  formula. 

The  explanation  given  in  the  table  accompanying  the  chart 
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TABLE  X 
Data  for  Calculating  Drop  In  Alternatins:-Current  Lines 

To  be  used  in  conj unction  with  Chart  on  opposite  page. 


By  means  of  the  table,  calculate  the  SeHatanee-  Volts  and  the  Seactance-  Volts  in  the 
line,  and  find  what  per  cent  each  is  of  the  E.  M.  F.  delivered  at  the  end  of  the  line. 
Starting  from  the  i)olnt  on  the  chart  where  the  vertical  line  corresponding  with  the 
power-factor  of  the  load  intersects  the  smallest  circle,  lay  off  in  per  cent  the  resistance 
E.  M.  F.  horizontally  and  to  the  right;  from  the  point  thus  obtained,  lay  off  upward 
in  per  cent  the  reactance-E.  M.  F.  The  circle  on  which  the  last  point  falls  gives  tbe 
drop,  in  per  cent,  of  the  E.  M.  F.  delivered  at  the  end  of  the  line.  Every  tenth  circle 
arc  is  marked  with  the  per  cent  drop  *'-o  which  it  corre8i>onds. 


0000 


000 


00 


0 


1 

2 
3 


4 
5 


6 


8 


«*^ 

si 

Is 

Ph4 


639 
3,376 


607 

2,677 


402 

2,123 


319 

1,685 


253 
1.385 


201 

1,059 


159 

840 


126 

666 


100 

528 


79 

419 


63 
833 


50 


«ort 
0>^ 


.098 

.518 


.124 

.653 


156 

.824 


.197 
1.04 


.248 

1.31 


.313 
1.66 


.394 
2.08 


.497 
2.68 


.627 
8.81 


.791 

4.18 


.997 

6.27 


1.260 
6.64 


Throughout  the  table  the  lower  figures  in  the  squares  give 
values  for  one  ulle  of  line,  corresi>onding  to  those  of  the 
upper  figures  for  1,000  feet  of  line. 

Upper  figures  are  React amcb- Volts  in  1,000  ft.  of  Line  (== 
2,000  ft.  of  Wire)  for  One  Ampere  at  7,200  Alternations  per 
Minute  (60  Cycles  per  Second)  for  the  distance  given  between 
Centers  of  Conductors. 


54" 

1" 

.046 

.243 

.079 

.417 

.052 

.275 

.085 

.449 

.057 
.301 

.090 
.475 

.063 
.332 

.095 

.502 

.068 
.850 

.101 
.588 

.074 
.891 

.106 
.560 

.112 

.501 

.079 

.417 

.085 

.449 

.117 

.618 

.090 

.475 

.121 

.689 

.095 

.502 

.127 
.671 

.101 
.533 

.132 

.607 

.106 
.560 

.138 

.729 

.111 

.586 


,130 
.687 


116 

.613 


,121 


.127 
.671 


.132 

.687 


.138 

.728 


.143 

.765 


.149 

.787 


.164 

.818 


158 

.834 


.164 

.866 

.169 

.808 


.135 

.718 


.140 
.789 


.146 

.766 


.161 

.797 


.166 

.824 


.162 

.856 


.167 

.882 


.172 

.908 


.178 
.940 


.las 

.966 


.188 

.908 


6' 


.161 

.850 


.167 


.172 

.906 


.177 

.985 


.183 
.966 


.188 

.993 


.193 

1.02 


.199 

1.05 


.204 

1.08 


.209 

1.10 


.214 

1.13 


.220 
1.16 


9" 


.180 

.951 


.186 

.977 


.190 

1.00 


.196 

1.04 


.201 

1.06 


.206 

1.09 


.212 

1.12 


.217 
1.15 


.223 
1.18 


.228 

1.20 


.233 

1.23 


.238 

1.26 


12" 


.193 
1.02 


.199 

1.06 


.204 

1.08 


.209 

1.10 


.214 

1.18 


.220 

1.16 


.226 

1.19 


.230 

1.22 


.236 
1.25 


.241 

1.27 


.246 

1.80 


.252 

1  88 


18" 


.212 

1.12 


.217 
1.16 


.222 

1.17 


.228 

1.20 


.233 

1.28 


.238 

1.26 


.244 

1.29 


.249 

1.82 


.254 

1.84 


.260 

1.87 


.265 

1.40 


.270 

1.43 


24" 


.225 

1.19 


.230 
1.22 


.236 
1.25 


.241 

1.27 


.246 

1.80 


.262 

1.83 


.257 
1.36 


.262 
1.38 


.268 

1.42 


.272 

1.44 


.278 
1.47 


.284 
1.50 


SO" 


.235 

1.24 


.241 

1.27 


.246 

1.80 


.251 

1.88 


.256 
1.85 


.262 
1.38 


.267 

1.41 


.272 

1.44 


.278 

1.47 


.283 

1.49 


.288 

1.52 


.293 
1.56 


36' 


.244 

1.29 


.249 

1.82 


.254 

1.34 


.269 

1.87 


.265 

1.40 


.270 

1.48 


.276 
1.45 


.281 
1.48 


.286 
1.51 


.291 
1.54 


.296 
1.56 


.302 
1.60 
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(Table  X)  is  thought  to  be  a  sufficient  guide  to  its  use,  but  a  few 

examples  may  be  of  value. 

Problem.  Power  to  be  delivered,  250  K.W.;  E.  M.  F.  to  be  delivered, 
2.000  volts;  distance  of  transmission,  10,000  feet;  size  of  wire,  No.  0;  distance 
between  wires,  18  inches;  power  factor  of  load,  .8;  frequency,  7,200  alterna- 
tions per  minute.     Find  the  line  loss  and  drop. 

Remembering  that  the  power  factor  is  that  fraction  by  which 
the  apparent  power  of  volt-amperes  must  be  multipHed  to  give  the 

true  power,  the  apparent  power  to  be  delivered  is 

95Q  X  W 

"' — --^ — '-  =3l2.5  apparent  K.W. 

.0 

The  current,  therefore,  at  2,000  volts  will  be 

'— *^       =  1 56 .  25  amperes. 
2,000 

From  the  table  of  reactances  under  the  heading  "18  inches,"  and 

corresponding  to  No.  0  wire,  is  obtained  the  constant  .228.    Bearing 

the  instructions  of  the  table  in  mind,  the  reactance-volts  of  this  line 

are,  156.25  (amperes)  X  10  (thousands  of  feet)  X  .228=356.3  volts, 

which  is  17.8  per  cent  of  the  2,000  volts  to  be  delivered. 

From  the  column  headed  "Resistance-Volts"  and  corresponding 
to  No.  0  wire,  is  obtained  the  constant  .  197.  The  resistance-volts 
of  the  line  are,  therefore,  156.25  (amperes)  X  10  (thousands  of  feet) 
X  .197  =  307.8  volts,  which  is  15.4  per  cent  of  the  2,000  volts  to  l)e 
delivered. 

Starting,  in  accordance  with  the  instructions  of  the  table,  from 
the  point  where  the  vertical  line  (which  at  the  bottom  of  the  chart 
is  marked  "Load  Power  Factor"  .8)  intersects  the  inner  or  smallest 
circle,  lay  off  horizontally  and  to  the  right  the  resistance-E.  M.  F.  ir. 
per  cent  (15 .4) ;  and  from  the  point  thus  obtained,  lay  off  vertically  the 
reactance-E.  M.  F.  in  per  cent  (17.8).  The  last  point  falls  at  about 
23  per  cent,  as  given  by  the  circular  arcs.  This,  then,  is  the  drop,  in 
per  cent,  of  the  E,  M,  F.  delivered.  The  drop,  in  per  cent,  of  the  genera- 
tor E.  M.  F.  is,  of  course, 

23 
100+23  =  ^^-^P"'"""°*- 

The  percentage  loss  of  power  in  the  line  has  not,  as  with  direct 
current,  the  same  value  as  the  percentage  drop.  This  is  due  to  the 
fact  that  the  line  has  reactance,  and  also  tliat  the  apparent  power 


292 


ELECTRIC  WIRING  49 


delivered  to  the  load  is  not  identical  with  the  true  power — that  is, 

the  load  power  factor  is  less  than  unity.    The  loss  must  be  obtained 

by  calculating  P  R  for  the  line,  or,  what  amounts  to  the  same  thing, 

by  multiplying  the  resistance-volts  by  the  current. 

The  resistance-volts  in  this  case  are  307.8,  and  the  current 

156.25  amperes.    The  loss  is  307.8  X  156.25=48.1  K.  W.    The 

percentage  loss  is 

48.1  _- 

— — — — -  =  16.1  per  cent. 

250+48.1  ^ 

Therefore,  for  the  problem  taken,  the  drop  is  18.7  per  cent,  and  the 

loss  is  16 . 1  per  cent     If  the  problem  be  to  find  the  size  wire  for  a  given 

drop,  it  must  be  solved  by  trial.    Assume  a  size  of  wire  and  calculate 

the  drop ;  the  result  in  connection  with  the  table  will  show  the  direction 

and  extent  of  the  change  necessary  in  the  size  of  wire  to  give  the 

required  drop. 

The  effect  of  the  line  reactance  in  increasing  the  drop  should  be 

noted.     If  there  were  no  reactance,  the  drop  in  the  above  example 

would  be  given  by  the  point  obtained  in  laying  off  on  the  chart  the 

resistance-E.  M.  F.  (15.4)  only.    This  point  falls  at  12.4  per  cent, 

and  the  drop  in  terms  of  the  generator  E.  M.  F.  would  be 

12  4 

'-     =11  per  cent,  instead  of  1 8 . 7  per  cent. 
112.4  ^  * 

Anything  therefore  which  will  reduce  reactance  is  desirable. 

Reactance  can  be  reduced  in  two  ways.  One  of  these  is  to 
diminish  the  distance  between  wires.  The  extent  to  which  this  can 
be  carried  is  limited,  in  the  case  of  a  pole  line,  to  the  least  distance  at 
which  the  wires  are  safe  from  swinging  together  in  the  middle  of  the 
span ;  in  inside  wiring,  by  the  danger  from  fire.  The  other  way  of 
reducing  reactance  is  to  split  the  copper  up  into  a  greater  number  of 
circuits,  and  arrange  these  circuits  so  that  there  is  no  inductive  inter- 
action. For  instance,  suppose  that  in  the  example  worked  out  above, 
two  No.  3  wires  were  used  instead  of  one  No.  0  wire.  The  resistance- 
volts  would  be  practically  the  same,  but  the  reactance-volts  would  be 

.244 
less  in  the  ratio  ^  X  ^—  =  .  535,  since  each  circuit  would  bear  half  the 

current  the  No.  0  circuit  does,  and  the  constant  for  No.  3  wire  ii?  .244, 
instead  of  .  228 — that  for  No.  0.  The  effect  of  subdividing  the  copper 
is  also  shown  if  in  the  example  given  it  is  desired  to  reduce  the  drop 
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to,  say,  one-half.  Increasing  the  copper  from  No.  0  to  No.  0000  will 
not  produce  the  required  result,  for,  although  the  resistance-volts  will 
be  reduced  one-half,  the  reactance-volts  will  be  reduced  only  in  the 
ratio  .212^    If,  however,  two  inductively  independent  circuits  of  No.  0 

.228* 
wire  be  used,  the  resistance-  and  reactance-volts  will  both  be  reduced 
one-half,  and  the  drop  will  therefore  be  diminished  the  required 
amount. 

The  component  of  drop  due  to  reactance  is  best  diminished  by  sub^ 
dividing  the  copper  or  by  bringing  the  conductors  closer  together.  It 
is  little  affected  by  change  in  size  of  conductors. 

An  idea  of  the  manner  in  which  changes  of  power  factor  affect 

drop  is  best  gotten  by  an  example.     Assume  distance  of  transmission, 

distance  between  conductors  E.  M.  F.,  and  frequency,  the  same  as  in 

the  previous  example.     Assume  the  apparent  power  delivered  the 

same  as  before,  and  let  it  be  constant,  but  let  the  power  factor  be  given 

several  different  values;  the  true  power  will  therefore  be  a  variable 

depending  upon  the  value  of  the  power  factor.     Let  the  size  of  wire 

be  No.  0000.    As  the  apparent  power,  and  hence  the  current,  is  the 

same  as  before,  and  the  line  resistance  is  one-half,  the  resistance- 

E.  M.  F.  will  in  this  case  be 

15  4 

— ^,  or  7 . 7  per  cent  of  the  E.  M.  F.  delivered. 

Also,  the  reactance-E.  M.  F.  will  be 

.212X17.8      IP  .     ^       , 
-;,, =  16.5  percent. 

.228  ^ 

Combining  these  on  the  chart  for  a  power  factor  of  .4,  and  deducing 
the  drop,  in  per  cent,  of  the  generator  E.  M.  F.,  the  value  obtained  is 
15.3  per  cent;  with  a  power  factor  of  .8,  the  drop  is  14  per  cent; 
with  a  power  factor  of  unity,  it  is  8  per  cenl.  If  in  this  example  the 
true  power,  instead  of  the  apparent  power,  had  been  taken  as  constant, 
it  is  evident  that  the  values  of  drop  would  have  diflFered  more  widely, 
since  the  current,  and  hence  the  resistance-  and  reactance-volts, 
would  have  increased  as  the  power  factor  diminished.  The  condition 
taken  more  nearly  represents  that  of  practice. 

If  the  line  had  resistance  and  no  reactance,  the  several  values 
of  drop,  instead  of  15.3,  14,  and  8,  would  be  3.2,  5.7,  and  7.2  per 
cent  respef*tively,  showing  that  for  a  load  of  lamps  the  drop  will  not 
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be  much  increased  by  reactance;  but  that  with  a  load,  such  as  induc- 
tion motors,  whose  power  factor  is  less  than  unity,  care  should  l)e 
taken  to  keep  the  reactance  as  low  as  practicable.  In  all  cases  it  is 
advisable  to  place  conductors  as  close  together  as  good  practice  will 
permit. 

When  there  is  a  transformer  in  circuit,  and  it  is  desired  to  obtain 
the  combined  drop  of  transformer  and  line,  it  is  necessary  to  know 
the  resistance-  and  reactance-volts  of  the  transformer.  The  resist- 
ance-volts of  the  combination  of  line  and  transformer  are  the  sura  of 
the  resistance-volts  of  the  line  and  the  resistance-volts  of  the  trans- 
former. Similarly,  the  reactance-volts  of  the  line  and  transformer 
are  the  sum  of  their  respective  reactance-volts.  The  resistance-  and 
reactance-E.  M.  F.s  of  transformers  may  usually  be  obtained  from 
the  makers,  and  are  ordinarily  given  in  per  cent.*  These  per- 
centages express  the  values  of  the  resistance-  and  reactance-E.  M.  F.'s 
when  the  transformer  delivers  its  uormsA  full-load  current;  and  they 
express  these  values  in  terms  of  the  normal  no-load  E.  M.  F.  of  the 
transformer. 

Consider  a  transformer  built  for  transformation  between  1,000 
and  100  volts.  Suppose  the  resistance-  and  reactance-E.  M.  F.'s  given 
are  2  per  cent  and  7  per  cent  respectively.  Then  the  corresponding 
voltages  when  the  transformer  delivers  full-load  current,  are  2  and  7 
volts  or  20  and  70  volts  according  as  the  line  whose  drop  is  required 
is  connected  to  the  low-voltage  or  high-voltage  terminals.  These 
values,  2 — 7  and  20 — 70,  hold,  no  matter  at  what  voltage  the  trans- 


♦When  the  required  values  cannot  be  obtained  from  the  makers,  they  may  bo 
measured.  Measure  the  resistance  of  both  coils.  If  the  line  to  be  calculated  is  attached 
to  the  high- voltage  terminals  of  the  transformer,  the  equivalent  resistance  is  that  of  the 
high- voltage  coil,  plus  the  resistance  obtained  by  increanng  in  the  square  of  the  ratio  of 
transformation  the  measured  resistance  of  the  low- voltage  coil  That  is,  if  the  ratio  of 
transformation  is  10.  the  equivalent  resistance  referred  to  the  high- voltage  circuit  is 
the  resistance  of  the  high- voltage  coil,  plut  100  times  that  of  the  low- voltage  coil.  This 
e<iuivalent  resistance  multiplied  by  the  high- voltage  current  gives  the  transformer 
resistance-volts  referred  to  the  high- voltage  circuit.  Similarly,  the  equivalent  resist- 
ance referred  to  the  low-voltage  circuit  is  the  resistance  of  the  low-voltage  coil,  phia  that 
of  the  high-voltage  coil  reduced  in  the  square  of  the  ratio  of  transformation.  It  follows, 
of  course,  firom  this,  that  the  values  of  the  resistance- volts  referred  to  the  two  circuits 
bear  to  each  other  the  ratio  of  transformation.  To  obtain  the  reactance-volts,  short- 
circuit  one  coil  of  the  transformer  and  measure  the  voltage  necessary  to  force  through 
the  other  coil  its  normal  current  at  normal  frequency.  The  result  is,  nearly  enough, 
the  reactance- volts.  It  makes  no  difference  which  coil  is  short-circuited,  as  the  results 
obtained  in  one  case  will  bear  to  those  in  the  other  the  ratio  of  transformation.  If  a 
close  value  is  desired,  subtract  from  the  square  of  the  voltage  reading  the  square  of  the 
rMMfance- volts,  and  take  the  square  root  of  the  difference  as  the  reactance- volts. 
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former  is  operated,  since  they  depend  only  upon  the  strength  of  cur- 
rent, providing  it  is  of  the  normal  frequency.  If  any  other  than  the 
full-load  current  is  drawn  from  the  transformer,  the  reactance-  and 
resistance-volts  will  be  such  a  proportion  of  the  values  given  above 
as  the  current  flowing  is  of  the  full-load  current.  It  may  be  noted,  in 
passing,  that  when  the  resistance-  and  reactance-volts  of  a  trans- 
former are  known,  its  regulation  may  be  determined  by  making  use 
of  the  chart  in  the  same  way  as  for  a  line  having  resistance  and 
reactance. 

As  an  illustration  of  the  method  of  calculating  the  drop  in  a 
line  and  transformer,  and  also  of  the  use  of  table  and  chart  in  calculat- 
ing low-voltage  mains,  the  following  example  is  given : 

Problem,  A  single-phase  induction  motor  is  to  be  supplied  with  20  am- 
peres at  200  volts;  alternations,  7,200  per  minute;  power  factor,  .78.  The 
distance  from  transformer  to  motor  is  150  feet,  and  the  line  is  No.  5  wire,  6 
inches  between  centers  of  conductors.     The  transformer  reduces  in  the  ratio 

2  000 
'        ,  has  a  capacity  of  25  amperes  at  200  volts,  and,  when  delivering  this 

current  and  voltage,  its  res!?tance-E.  M.  F.  is  2.5  per  cent,  its  reactance- 
E.  M.  F.  5  per  cent.     Find  the  drop. 

The  reactance  of  1,000  feet  of  circuit  consisting  of  two  No.  5 
wires,  6  inches  apart,  is  .204.    The  reactance-volts  therefore  are 

.204  X  r^^^  X  20  =  .01  volts. 
1  ,iKXJ 

The  resistance-volts  are 

.627  X  rl'^^-T  X  20  =  1.S8  volts. 
1  ,(KJU 

At  25  amperes,  the  resistance-volts  of  the  transformer  are  2.5  per 

20 
cent  of  200,  or  5  volts.    At  20  amperes,  they  are  -  -  of  this,  or  4  volts. 

Similarly,  the  transformer  reactance-volts  at  25  amperes  are  10, 
and  at  20  amperes  are  8  volts.  The  combined  reactance-volts  of 
transformer  and  line  are  8  +  .61  =  8.61,  which  is  4.3  per  cent  of 
the  200  volts  to  be  delivered.  The  combined  resistance-volts  are  1.88 
+4,  or  5.88,  which  is  2.94  per  cent  of  the  E.  M.  F.  to  be  delivered. 
Combining  these  quantities  on  the  chart  with  a  power  factor  of  .78, 
the  drop  is  5  per  cent  of  the  delivered  E.  M.  F., 

or      V  =  4.8  per  cent 
of  the  impressed  E.  M.  F.    The  transformer  must  be  supplied  with 
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^  =  2,100  volts. 

in  order  that  200  volts  shall  be  delivered  to  the  motor. 

Table  X  (page  47)  is  made  out  for  7,200  alternations,  but  will 
answer  for  any  other  number  if  the  values  for  reactance  be  changed 
in  direct   proportion  to  the  change  in  alternations.     For  instance, 

for   16,000  alternations,   multiply  the  reactances  given   by    ,-*   ^■ 

For  other  distances  between  centers  of  conductors,  interpolate  the 
values  given  in  the  table.  As  the  reactance  values  for  different  sizes 
of  wire  change  by  a  constant  amount,  the  table  can,  if  desired,  be 
readily  extended  for  larger  or  smaller  conductors. 

The  table  is  based  on  the  assumption  of  sine  currents  and 
E.  M.  F.'s.  The  best  practice  of  to-day  produces  machines  which 
so  closely  approximate  this  condition  that  results  obtained  by  the 
above  methods  p  re  well  within  the  limits  of  practical  requirements. 

Polyphase  Circuits.  So  far,  single-phase  circuits  only  have 
been  dealt  with.  A  simple  extension  of  the  methods  given  above 
adapts  them  to  the  calculation  of  polyphase  circuits.  A  four-wire 
quarter-phase  (two-phase)  transmission  may,  so  far  as  loss  and  regula- 
tion are  concerned,  be  replaced  by  two  single-phase  circuits  identical 
(as  to  size  of  wire,  distance  between  wires,  current,  and  E.  M.  F.) 
with  the  two  circuits  of  the  quarter-phase  transmission,  provided  that 
in  both  cases  there  is  no  inductive  interaction  between  circuits.  There- 
fore, to  calculate  a  four-wire,  quarter-phase  transmission,  compute 
the  single-phase  circuit  required  to  transmit  one-half  the  power  at 
the  same  voltage.  The  quarter-phase  transmission  will  require  two 
such  circuits. 

A  three-wire,  three-phase  transmission,  of  which  the  conductors 
are  symmetrically  related,  may,  so  far  as  loss  and  regulation  are 
concerned,  be  replaced  by  two  single-phase  circuits  having  no  in- 
ductive interaction,  and  identical  with  the  three-phase  line  as  to 
size,  wire,  and  distance  between  wires.  Therefore,  to  calculate  a 
three-phase  transmission,  calculate  a  single-phase  circuit  to  carry 
one-half  the  load  at  the  same  voltage.  The  three-phase  transmis- 
sion will  require  three  wires  of  the  size  and  distance  between  centers 
as  obtained  for  the  single-phase. 

A  three-wire,   quarter-phase  transmission   may   be  calculated 
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exactly  as  regards  loss,  and  approximately  as  regards  drop,  in  the 
same  way  as  for  three-phase.  It  is  possible  to  exactly  calculate 
the  drop,  but  this  involves  a  more  complicated  method  than  the 
approximate  one.  The  error  by  this  approximate  method  is  gen- 
erally small.  It  is  possible,  also,  to  get  a  -somewhat  less  drop  and 
loss  with  the  same  copper  by  proportioning  the  cross-section  of 
the  middle  and  outside  wires  of  a  three-wire,  quarter-phase  circuit 
to  the  currents  they  carry,  instead  of  using  three  wires  of  the  same 
size.  The  advantage,  of  course,  is  not  great,  and  it  will  not  be  con- 
sidered here. 

WIRING  AN  OFFICE  BUILDING 

The  building  selected  as  a  tjrpical  sample  of  a  wiring  installation 
is  that  of  an  office  building  located  in  Washington,  D.  C.  The  figures 
shown  are  reproductions  of  the  plans  actually  used  in  installing  the 
work. 

The  building  consists  of  a  basement  and  ten  stories.  It  is  of 
fireproof  construction,  having  steel  beams  with  terra-cotta  flat  arches. 
The  main  walls  are  of  brick  and  the  partition  walls  of  terra-cotta 
blocks,  finished  with  plaster.  There  is  a  space  of  approximately  five 
inches  between  the  top  of  the  iron  beams  and  the  top  of  the  finished 
floor,  of  which  space  about  three  inches  was  available  for  running 
the  electric  conduits.  The  flooring  is  of  wood  in  the  offices,  but  of 
concrete,  mosaic,  or  tile  in  the  basement,  halls,  toilet-rooms, 
etc. 

The  electric  current  supply  is  derived  from  the  mains  of  the  local 
illuminating  company,  the  mains  being  brought  into  the  front  of  the 
building  and  extending  to  a  switchboard  located  near  the  center  of  the 
basement. 

As  the  building  is  a  very  substantial  fireproof  structure,  the  only 
method  of  wiring  considered  was  that  in  which  the  circuits  would  be 
installed  in  iron  conduits. 

Electric  Current  Supply.  The  electric  current  supply  is  direct 
current,  two-wire  for  power,  and  three-wire  for  lighting,  having  a 
potential  of  236  volts  between  the  outside  conductors,  and  118  voltt 
between  the  neutral  and  either  outside  conductor. 
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Switchboard.  On  the  switchboard  in  the  basement  are  mounted 
wattmeters,  provided  by  the  local  electric  company,  and  the  various 
switches  required  for  the  control  and  operation  of  the  lighting  and 
power  feeders.  There  are  a  total  of  ten  triple-pole  switches  for  light- 
ing, and  eighteen  for  power.  An  indicating  voltmeter  and  ampere 
meter  are  also  placed  in  the  switchboard.  A  voltmeter  is  provided 
with  a  double-throw  switch,  and  so  arranged  as  to  measure  the  poten- 
tial across  the  two  outside  conductors,  or  between  the  neutral  con- 
ductor and  either  of  the  outside  conductors.  The  ampere  meter  is 
arranged  with  two  shunts,  one  being  placed  in  each  outside  leg;  the 
shunts  are  connected  with  a  double-pole,  double-throw  switch,  so 
that  the  ampere  meter  can  be  connected  to  either  shunt  and  thus 
measure  the  current  supplied  on  each  side  of  the  system. 

Character  of  Load.  The  building  is  occupied  partly  as  a  news- 
paper office,  and  there  are  several  large  presses  in  addition  to  the  usual 
linotype  machines,  trimmers,  shavers,  cutters,  saws,  etc.  There  are 
also  electrically-driven  exhaust  fans,  house  pumps,  air-compressors, 
etc.  The  upper  portion  of  the  building  is  almost  entirely  devoted 
to  offices  rented  to  outside  parties.  The  total  number  of  motors 
supplied  was  55;  and  the  total  number  of  outlets,  1,100,  supplying 
2,400  incandescent  lamps  and  4  arc  lamps. 

Feeders  and  Mains.  The  arrangement  of  the  various  feeders 
and  mains,  the  cut-out  centers,  mains,  etc.,  which  they  supply,  are 
shown  diagrammatically  in  Fig.  41,  which  also  gives  in  schedule  the 
sizes  of  feeders,  mains,  and  motor  circuits,  and  the  data  relating  to  the 
cut-out  panels. 

Although  the  current  supply  was  to  be  taken  tfoia  an  outside 
source,  yet,  inasmuch  as  there  was  a  probability  of  a  plant  being  in- 
stalled in  the  building  itself  at  some  future  time,  the  three-wire  system 
of  feeders  and  mains  was  designed,  with  a  neutral  conductor  equal 
to  the  combined  capacity  of  the  two  outside  conductors,  so  that 
120-volt  two-wire  generators  could  be  utilized  without  any  change  in 
the  feeders. 

Basement.  The  plan  of  the  basement,  Fig.  42,  shows  the  branch 
circuit  wiring  for  the  outlets  in  the  basement,  and  the  location  of  the 
main  switchboard.  It  also  shows  the  trunk  cables  for  the  inter- 
connection system  serving  to  provide  the  necessary  wires  for  telephones, 
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tickers,  messenger  calls,  etc.,  in  all  the  rooms  throughout  the  building, 
as  will  be  described  later. 

To  avoid  confusion,  the  feetlers  were  not  shown  on  the  basement 
plan,  but  were  described  in  detail  in  the  specification,  and  installed 
in  accordance  with  directions  issued  at  the  time  of  installation.  The 
electric  current  supply  enters  the  building  at  the  front,  and  a  service 
switch  and  cut-out  are  placed  on  the  front  wall.  From  this  point,  a 
tw^o-wire  feeder  for  power  and  a  three-wire  feeder  for  lighting,  are 
run  to  the  main  switchboard  located  near  the  center  of  the  basement. 
Owing  to  the  size  of  the  conduits  required  for  these  supply  feeders,  as 
well  as  the  main  feeders  extending  to  the  upper  floors  of  the  building, 
the  said  conduits  are  run  exposed  on  substantial  hangers  suspended 
from  the  basement  ceiling. 

First  Floor.  The  rear  portion  of  the  building  from  tl:e  basement 
through  the  first  floor.  Fig.  43,  and  including  the  mezzanine  floor, 
between  the  first  and  second  floors,  at  the  rear  portion  of  the  building 
only,  is  utilized  as  a  press  room  for  several  large  and  heavy,  modem 
newspaper  presses.  The  motors  and  controllers  for  these  presses  are 
located  on  the  first  floor.  A  separate  feeder  for  each  of  these  press 
motors  is  run  directly  from  the  main  switchboard  to  the  motor  con- 
troller in  each  case.  Empty  conduits  were  provided,  extending  from 
the  controllers  to  the  motor  in  each  case,  intended  for  the  various 
control  wires  installed  by  the  contractor  for  the  press  equipments. 

One-half  of  the  front  portion  of  the  first  floor  is  utilized  as  a  news- 
paper office;  the  remaining  half,  as  a  bank. 

Second  Floor.  The  rear  portion  of  the  second  floor.  Fig.  44,  is 
occupied  as  a  composing  and  linotype  room,  and  is  illuminated  chiefly 
by  means  of  drop-cords  from  outlets  located  over  the  linotype  machines 
and  over  the  compositors'  cases.  Separate  ^-horse-power  motors 
are  provided  for  each  linotype  machine,  the  circuits  for  the  same  being 
run  underneath  the  floor. 

Upper  Floors.  A  typical  plan  (Fig.  45)  is  shown  of  the  upper 
floors,  as  they  are  similar  in  all  respects  with  the  exception  of  certain 
changes  in  partitions,  which  are  not  material  for  the  purpose  of  illus- 
tration or  for  practical  example.  The  circuit  work  is  sufficiently 
intelligible  from  the  plan  to  require  no  further  explanation. 

Interconnection  System.  Fig.  46  is  a  diagram  of  the  intercon- 
nection system,  showing  the  main  interconnection  box  located  in  the 
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TTnlmportant  Details  of  Partitions. 


Wig.  U-    wiring  ot  an  Office  BnlMlng.     DUgnun  ot  the  Intetcoimecilon  Sf  aiem. 


ELECTRIC  WIRING  63 


basement;  adjoining  this  main  box  is  located  the  terminal  box  of  the 
local  telephone  company.  A  separate  system  of  feeders  is  provided 
for  the  ticker  system,  as  these  conductors  require  somewhat  heavier 
insulation,  and  it  was  thought  inadvisable  to  place  them  in  the  same 
conduits  with  the  telephone  wires,  owing  to  the  higher  potential  of 
ticker  circuits.  A  separate  interconnection  cable  runs  to  each  floor, 
for  telephone  and  messenger  call  purposes;  and  a  central  box  is  placed 
near  the  rising  point  at  each  floor,  from  which  run  subsidiary  cables 
to  several  points  symmetrically  located  on  the  various  floors.  From 
these  subsidiary  boxes,  wires  can  be  run  to  the  various  offices  requiring 
telephone  or  other  service.  Small  pipes  are  provided  to  serve  as  race- 
ways from  office  to  office,  so  as  to  avoid  cutting  partitions.  In  this 
way,  wires  can  be  quickly  provided  for  any  office  in  the  building  with- 
out damaging  the  building  in  any  way  whatever;  and,  as  provision  is 
made  for  a  special  wooden  moulding  near  the  ceiling  to  accommodate 
these  wires,  they  can  be  run  around  the  room  without  disfiguring  the 
walls.  All  the  main  cables  and  subsidiary  wires  are  connected  with 
special  interconnection  blocks  numbered  serially;  and  a  schedule  is 
provided  in  the  main  interconnection  box  in  the  basement,  which 
enables  any  wire  originating  thereat,  to  be  readily  and  conveniently 
traced  throughout  the  building.  All  the  main  cables  and  subsidiary 
cables  are  run  in  iron  conduits. 

OUTLET-BOXES,  CUT-OUT  PANELS,  AND 

OTHER  ACCESSORIES 

Outlet-Boxes.  Before  the  introduction  of  iron  conduits,  outlet- 
boxes  were  considered  unnecessary,  and  with  a  few  exceptions  were 
not  used,  the  conduits  being  brought  to  the  outlet  and  cut  off  after  the 
walls  and  ceilings  were  plastered.  With  the  introduction  of  iron  con- 
duits, however,  the  necessity  for  outlet-boxes  was  realized;  and  the 
Rules  of  the  Fire  Underw^riters  were  modified  so  as  to  require  their  use. 
The  Rules  of  the  National  Electric  Code  now  require  outlet-boxes  to 
be  used  with  rigid  iron  and  flexible  steel  conduits,  and  with  armored 

cables.     A  portion  of  the  rule  requiring  their  use  is  as  follows : 

All  interior  conduits  and  amiored  cables  "must  be  equipped  at  every 
outlet  with  an  approved  outlet-box  or  plate. 

"Outlet-plates  must  not  be  used  where  it  is  practicable  to  install  outlet- 
boxes. 
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"In  buildings  already  constructed,  where  the  conditions  are  such  that 
neither  outlet-box  nor  plate  can  be  installed,  these  appliances  may  be  omitted 
by  special  permission  of  the  inspection  department  having  jurisdiction,  pro- 
viding the  conduit  ends  are  bushed  and  secured." 

Fig.  47  shows  a  typical  form  of  outlet-box  for  bracket  or  ceiling 
outlets  of  the  universal  type.    When  it  b  desired  to  make  an  opening 

for  the  conduits,  a  blow  from  a  hammer 
wUl  remove  any  of  the  weakened  portion 
of  the  wall  of  the  outlet-box,  as  may  be  re- 
quired. This  form  of  outlet-box  is  fre- 
quently referred  to  as  the  knock'CiU  type. 
Other  forms  of  outlet-boxes  are  made  with 
the  openings  cast  in  the  box  at  the  re- 
quired points,  this  class  being  usually 
stronger  and  better  made  than  the  univer- 
sal type.  The  advantages  of  the  universal 
t}^  of  outlet-box  are  that  one  form  of  box  will  serve  for  any  ordinary 
conditions,  the  openings  being  made  according  to  the  number  of 
conduits  and  the  directions  in  which  they  enter  the  box. 

Fig.  48  shows  a  waterproof  form  of  outlet-box  used  out  of  doors, 
or  in  other  places  where  the  conditions  require  the  use  of  a  water- 
tight and  waterproof  outlet-box. 


Fig.  47.    Universal  and 

Knock-Out  Type  of 

Outlet  Box. 


It  will  be  seen  in  this  case,  that  the  box  is  threaded  for  the  con- 


I 
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Fig.  48.    Water-Tight  Outlet  Box. 
CourUty  of  H.  KranU  Mam^factvring  Co,,  Brooklyn,  N.  >. 

duits,  and  that  the  cover  is  screwed  on  tightly  and  a  flange  provided 
for  a  rubber  gasket. 
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Figs.  49  and  50  show  water-tight  floor  boxes  which  are  for  outlets 
located  in  the  floor.  While  the  rules  do  not  require  that  the  floor  outlet- 
box  shall  be  water-tight,  it  is  strongly  recommended  that  a  water- 
tight outlet  be  used  in  all  cases  for  floor  connections.  In  this  case 
also,  the  conduit  opening  is  threaded,  as  well  as  the  stem  cover  through 
which  the  extension  is  made  in  the  conduit  to  the  desk  or  table.  When 
the  floor  outlet  connection  is  not  required,  the  stem  cover  may  be 
removed  and  a  flat,  blank  cover  be  used  to  replace  the  same. 

A  form  of  outlet-box  used  for  flexible  steel  cables  and  steel  ar- 
mored cable,  has  already  been  shown  (see  Fig.  5). 

There  is  hardly  any  limit  to  the  number  and  variely  of  makes  of 
outlet-boxes  on  the  market,  adapted  for  ordinary  and  for  special  con- 


TypsH  ol  Floor  Oudet-Boioa. 

ditions;  but  the  types  illustrated  in  these  pages  are  characteristic  and 
lypical  forms. 

Bushings.  The  Rides  of  ike  Naiitmal  Electric  Code  require  that 
conduits  entering  junction-boxes,  outlet-boxes,  or  cut-out  cabinet^ 
shall  be  provided  with  approved  bushings,  fitted  to  protect  the  wire 
from  abrasion. 

Fig.  51  shows  a  typical  form  of  conduit  bushing.  This  bushing 
is  screwed  on  the  end  of  the  conduit  after  the  latter  has  been  intro- 
duced into  the  outlet-box,  cut-out  cabinet,  etc.,  thereby  forming  an 
insulated  orifice  to  protect  the  wire  at  the  point  where  it  leaves  the 
conduits,  and  to  prevent  abrasion,  grounds,  short  circuits,  etc.  A 
lock-nut  (Fig.  52)  is  screwed  on  the  threaded  end  of  the  conduit  before 
the  conduit  is  placed  in  tiie  outlet-box  or  cut-out  cabinet,  and  this 
lock-nut  and  bushing  clamp  the  conduit  -iccurely  in  position.    Fig. 
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Fig.  M.    Coodalt  BmblDg. 


53  shows  a  terminal  bushing  for  panel-boxes  used  for  flexible  steel 
conduit  or  armored  cable. 

The  Rules  of  the  Natwnal  EUctric  Code  require  that  the  metal 
of  conduits  shall  be  permanently  and  effectually  grounded,  so  as  to 

insure  a  positive 
connection  for 
grounds  or  leak- 
ing currents,  and 
in  order  to  pro- 
vide a  path  of 
least  resistance 
to  prevent  the 
current  from 
finding    a    path 

through  any  source  which  might  cause  a  fire.     At  outlet-boxes,  the 
conduits  and  gaspipes  must   be   fastened  in  such   a   manner  as   to 
insure  good   electrical  connection;  and   at  centers  of  distribution, 
the  conduits  should  be  joined  by  suitable  bond 
wires,  preferably  of  copper,  the  said  bond  wires 
'  being  connected  to  the  metal  structure  of  the 
building,  or,  in  case  of  a  building  not  having 
an  iron  or  steel  structure,  being  grounded  in  a 
permanent  manner  to  water  or  gas  piping. 
Fuse-Boxes,  Cut-Out  Panels,  etc.    From  the  very  outset,   the 
necessity  was  apparent  of  having  a  protective  device  in  circuit  with 
the  conductor  to  prc^tect  it  from  overload,  short  circuits,  etc.     For 
this  purpose,  a  fusible 
metal    having   a   low 
melting  point  was  em- 
ployed.    The  form  of  I 
this  fuse   has    varie<l 
greatly.  Fig.  54  shows 
a   characteristic  form 
of  what  is  known  as 
the  link  juse  with  copper  terminals,  on  which  are  stamped  the  ca- 
pacity of  the  fuse. 

The  form  of  fuse  used  probably  to  a  greater  extent  than  any  other, 
■  although  it  is  now  being  superseded  by  other  more  modem  forms, 
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13  that  known  as  the  Edison  fuse-plug,  shown  in  Fig.  55.    A  porcelain 
cut-out  block  used  with  the  Edison  fuse  is  shown  in  Fig,  56. 

Within  the  last  four  or  five  years,  a  new  form  of  fuse,  known  as 
the  endowed  fuse,  has  been  introduced  and  used  to  a   considerable 


pig.  M.   Copp«r-Tlppeil  Fuse  Link. 


FIg.M.  FoTcelAln  Cut-Oat  Bloc 

Court  fv  0  fOmeralEUctrU  Co. 
Schmtetadv,  JV.  Y. 


extent.     A  fuse  of  this  type  is  shown  in  Fig.  57.     Fig.  58  gives  a  sec- 
tional view  of  this  fuse,  showing  the  porous  filling  surrounding  the 
fuse-strips,  and  also   the  device  for  indicating  when  the   fuse  has 
blown.    This  form  of  fuse  is  made  with  various  kinds  of  terminals; 
it  can  be  used  with  spring  clips  in  small 
sizes,  and  with  a  post  screw  contact  in 
larger  sizes.     For  ordinary  low  potentials 
this  fuse  b  desirable  for  currents  up  to 
25  amperes;  but  it  is  a  debatable   ques- 
tion whether  it  is  desirable  to  use  an  en- 
closed fuse  for  heavier  currents.     Fig.  59 
shows    a  cut-out  box   with  Edison   plug 
fuse-blocks  used  with  knob  and  tube  wiring.     It  will  be  seen  that 
there  is  no  connection  compartment  in  this  fuse-box,  as  the  circuits 
enter  directly  opposite  the  terminals  with  which  they  connect. 

Fig,  60  shows  a  cut-out  fanel  adapted  for  enclosed  fuses,  and 
installed  in  a  cab- 
inet having  a  con- 
nection compart- 
ment. As  will  be 
«c-en  from  the  cut, 
the  tablet  itself  is 
surrounded  on  the 
four  sides  by  slate, 
which  is  secured  in  the  comers  by  angle-irons.  The  outer  box  may 
be  of  wood  lined  with  sheet  iron,  or  it  may  be  of  iron.  Fig,  61 
bIiows  a  door  and  trim  for  a  cabinet  of  this  ^rpe.    It  will  be  seen  that 


Fig  B7     Enclosed  or    Cartridge    Fuse 
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the  door  opens  only  on  the  center  panel,  and  that  the  trim  covers  and 
conceals  the  connection  compartment.    The  inner  side  of  the  door 
should  be  lined  with  slate,  and  the  Inner  side  of  the  trim  should  be 
lined  with  sheet  iron.    Fig.  62  shows  a  sectional  view  of  the  cabinet 
and  panel.     In  this  type  of  cabinet,  the  conduits  may  enter  at  any 
point,  the    wires  being 
run  to  the  proper  con- 
nectors in  the  connection 
compartment. 

Figs.  63  and  64  illus- 
trate a  type  of  panel- 
board  and  cabinet  hav- 
ing a  push-button  switch 
connected  with  each 
branch  circuit  and  so 
arranged  that  tlie  cut- 
out panel  itself  may  be 
enclosed  by  locked  doors, 
and  access  to  the  switches 
may  be  obtained  through 
two  separate  doors  pro- 
vided with  latches  only. 
This  ^7)e  of  panel  was  arrange<l  and  designed  by  the  author  of  this 
instruction  paper. 

OVERHEAD  LINEWORK 

The  advantages  of  overhead  linework  as  compared  with  under- 
ground linework  are  that  it  is  much  less  expensive;  it  is  more  readily 
and  more  quickly  installed;  and  it  can  be  more  readily  inspected  and 
repaired, 

Its  principal  disadvantages  are  that  it  is  not  so  permanent  as 
underground  linework;  it  is  more  easily  deranged;  and  it  is  more 
unsightly. 

For  large  cities,  and  in  congested  districts,  overhead  linework 
shoukl  not  be  used.  However,  the  question  of  first  cost,  the  question 
of  permanence,  and  the  municipal  regulations,  are  usually  the  factors 
which  determine  whether  overhead  or  underground  linework  shall 
be  used. 
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The  principal  factors  to  be  considered  in  oveiiiead  linework  will 
be  briefly  outlined. 

Placing  of  Poles.  As  a  general  rule,  the  poles  should  be  set  from 
100  to  125  feet  apart,  which  is  equivalent  to  53  to  42  poles  per  mile. 
Under  certain  conditions,  these  spacings  given  will  have  to  be  modified ; 
but  if  the  poles  are  spaced  too  far  apart,  there  is  danger  of  too  great 
a  strain  on  the  poles  themselves,  and  on  the  cross-amis,  pins,  and 


1^  -^1 
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conductors.  If,  on  the  other  hand, 
they  are  placed  too  close  together, 
the  cost  is  unnecessarily  increased. 
The  size  and  number  of  conduct- 
ors, and  the  potential  of  the  line- 
work,  determine  to  a  great  extent 

the  dbtance  between  the  poles;  the  smaller  the  size,  the  less  the  num- 
ber of  conductors;  and  the  lower  the  potential,  the  greater  the  distance 
between  the  poles  may  be  made.  Of  course,  the  exact  location  of 
the  poles  is  subject  to  variation  because  of  trees,  buildings,  or  other 
obstructions.  The  usual  method  employed  in  locating  poles,  is  first 
to  make  a  map  on  a  fairly  large  scale,  showing  the  course  of  the  line- 
work,  and  then  to  locate  the  poles  on  the  ground  according  tc  the  actual 
conditions. 
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Poles.  Poles  should  be  of  selected  quality  of  chestnut  or  cedar, 
and  should  be  sound  and  free  from  cracks,  knots,  or  other  flaws. 
Experience  has  proven  that  chestnut  and  cedar  poles  are  the  most 
durable  and  best  fitted  for  linework.  If  neither  chestnut  nor  cedar 
poles  can  be  obtained,  northern  pine  may  be  used,  and  even  other 
timber  in  localities  where  these  poles  cannot  be  obtained;  but  it  is 
found  that  the  other  woods  do  not  last  so  long  as  those  mentioned. 


Pig.  8J.   Cut-Oat  Panel  with  PoBh-Button  Sirltches.    Cover  Removefl. 

and  some  of  the  other  wowls  art  not  only  le.ss  strong  initially,  but  are 
apt  to  rot  much  quicker  at  the  "wind  and  water  line" — ^that  is,  just 
above  and  below  the  surface  of  the  ground. 

The  proper  height  of  pole  to  be  use<l  depends  upon  conditions. 
In  country  and  suburban  districts,  a  pole  of  25  to  30  feet  is  usually 
of  sufficient  height,  unless  there  are  more  than  two  or  three  cross-arms 
required.  In  more  densely  populated  districts  and  in  cities  where  a 
great  number  of  cross-arms  are  xequired,  the  poles  may  have  to  be 
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40  to  60  feet,  or  even  longer.  Of  course,  the  longer  the  pole,  the 
greater  the  possibility  of  its  breaking  or  bending;  and  as  the  length 
increases,  the  diameter  of  the  butt  end  of  pole  should  also  increase. 
Table  X  gives  the  average  diameters  required  for  various  heights  of 
poles,  and  the  depth  the  poles  should  be  placed  in  the  ground.  These 
data  have  been  compiled  from  a  number  of  standard  specifications. 

TABLE  X 
Pole  Data 


Length  or  Pole 

Diameter  6  In 
FROM  Butt 

DXAMSTER  AT  Top 

Depth  Pole  should 

BE  Placed  in 

Obound 

25  feet 

9  to  10  in. 

6  to  8  in. 

5  feet 

30  " 

11  " 

5i  " 

35  " 

12  " 

5i  " 

40  " 

13  " 

6   " 

45  " 

14  " 

6i  " 

50  " 

15  " 

7   " 

55  " 

16  to  17  " 

7i  " 

60  " 

18  " 

7i  " 

65  " 

19  " 

8   '* 

70  " 

20  " 

8   " 

75  " 

21  " 

81  " 

80  " 

22  " 

9   " 

Ab  it  is  somewhat  difficult,  because  of  irregrularities  in  size,  to  measure  the  diame- 
ter of  some  poles,  the  circumlerence  may  be  measured  instead:  then,  by  multiplying 
the  diameters  given  in  the  above  table,  by  3.1416.  the  measurements  may  be  reduced 
to  the  circumference  in  inches. 

The  minimum  diameters  of  the  pole  at  the  top,  which  should  be 
allowed,  will  depend  largely  on  the  size  of  the  conductors  used,  and 
on  the  potential  carried  by  the  circuits;  the  larger  the  conductors 
and  the  higher  the  potentials,  the  greater  should  be  the  diameter  at 
the  top  of  the  pole. 

Poles  should  be  shaved,  housed,  and  gained,  also  cleaned  and 
ready  for  painting,  before  erection. 

Poles  should  usually  be  painted,  not  only  for  the  sake  of  appear- 
ance, but  also  in  order  to  preserve  them  from  the  weather.  It  is  par- 
ticularly important  that  they  should  be  protected  at  their  butt  end,  not 
only  where  they  are  surrounded  by  the  ground,  but  for  a  foot  or  two 
above  the  ground,  as  it  is  at  this  point  that  poles  usually  deteriorate 
most  rapidly.  Painting  is  not  so  satisfactory  at  this  point  as  the  use 
of  tar;  pitch,  or  creosote.  The  life  of  the  pole  can  be  increased  con- 
siderably by  treating  it  with  one  or  another  of  these  preservatives. 
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Before  any  poles  are  erected,  they  should  be  closely  inspected  for 
flaws  and  for  crookedness  or  too  great  departure  from  a  straight  line. 
\Vhere  appearance  is  of  considerable  importance,  octagonal  poles 
may  be  used,  although  these  cost  considerably  more  than  round  poles. 
Gains  or  notches  for  the  cross-arms  should  be  cut  in  the  poles  before 
they  are  creeled,  and  should  be  cut  square  with  the  axis  of  the  pole, 
and  so  that  the  cross-arms  will  fit  snugly  and  tightly  within  the  space 
thus  provided.    These  gains  should  be  not  less  than  4i  inches  wide. 


Fig.  81.   Cut-Out  Panel  with  Pu»h-Button  Switches.    ' 


nor  less  than  J  inch  deep.  Gains  should  not  be  placed  closer  than  24 
inches  Itefween  centers,  and  the  top  ^ins  should  be  :i  least  9  inches 
from  the  npex  of  the  pole 
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In  wiring  for  electric  bells  to  be  operated  by  batteries,  the 
danger  of  causing  fires  from  short  circuits  or  poor  contacts  does 
not  exist  as  in  the  case  of  wiring  for  light  and  power,  because  the 
current  strength  is  so  small.  Neither  is  the  bell-fitter  responsible 
to  city  inspectors  or  fire  underwriters.  On  this  account,  bell 
fitting  is  too  often  done  in  a  careless  and  slovenly  manner,  caus- 
ing the  apparatus  to  give  unsatisfactory  results  and  to  requii-e 
frequent  repairs,  so  that  the  expense  and  inconvenience  in  the  end 
far  more  than  offset  any  time  saved  by  doing  an  inferior  grade  of 
work.  Hence,  at  the  outset  it  is  well  to  state  that  as  much  care 
should  be  taken  in  the  matter  of  joints  and  insulation  of  bell 
wiring  as  in  wiring  for  light  or  power. 

If  properly  installed,  the  electric  bell  forms  a  reliable  and  yet 
inexpensive  means  of  signaling,  and  is  far  superior  to  any  other. 
On  this  account  practically  every  new  building  is  fitted  through 
out  with  electric  bells. 

In  addition  to  the  necessity  of  thoroughness  already  men- 
tioned, care  should  be  taken  to  use  only  reliable  apparatus  which 
must  be  installed  in  accordance  with  the  fundamental  principles 
on  which  its  satisfactory  operation  depends. 

WIRE. 

The  common  sizes  of  wire  in  use  for  bell  work  are  Nos* 
18,  20,  and  22.  In  general,  however.  No.  20  will  be  found  satis- 
factory  as  it  is  usually  sufficiently  large,  while  in  many  cases  No. 
22  is  not  strong  enough  from  a  mechanical  standpoint. 

It  is  important  that  the  wires  should  be  well  insulated  to  pre 


Fig.  1. 

vent  accidental  contacts  with  the  staples  or  other  wires.  First  of 
all  the  wire  should  be  tinned,  as  this  prevents  the  copper  from 
being  acted  upon  by  ^he  sulphur  in  the  insulation.  It  also  facil- 
itates soldering.     The  inner  coating  of  insulation  should  be  of 
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india  rubber,  Burrounded  by  several  longitudinal  strands  of  cotton, 
outside  of  which  are  wound  several  strands  of  colored  cotton  laid 
on  spirally.  This  is  next  immersed  in  melted  paraffin  wax  and 
polished  by  friction.  A  short  length  of  approved  electric  bell  wire 
is  shown  in  Fig.  1. 

When  ordering  wire,  it  is  well  to  have  it  furnished  in  several 
different  colors  as  this  greatly  facilitates  both  the  original  instal- 
lation and  later  repairs,  because  in  this  way  one  line  may  be  dis- 
tinguished from  another,  taps  from  main  lines,  etc.  Moreover,  a 
faulty  wire  having  been  found,  it  is  possible  to  identify  it  at  any 
desired  section  of  its  length. 

METHODS  OF  WIRING. 

In  running  wires,  the  shortest  and  most  direct  route  should, 
of  course,  be  taken  between  the  battery,  bells,  and  bell  pushes. 
There  are  two  cases  to  be  considered.  The  better  method  is  that 
in  which  the  wires  are  run  before  the  building  is  completed,  and 
the  wiring  should  be  done  as  soon  as  the  roof  is  on  and  the  walls 
are  up.  In  this  case  the  wires  are  usually  run  in  zinc  tubes 
secured  to  the  walls  with  naila.     The  tubes  should  be  from  |  inch 

to  A  inch  in  diameter,  preferably 
the  latter.  It  is  better  to  place 
the  wires  and  tubes  simultane- 
ously, but  the  tubes  may  be  put 
in  place  first  and  the  wires  drawn 
in  afterward,  although  this  latter 
plan  has  the  objection  that  the  insulation  is  liable  to  become 
abraded  when  the  wires  are  drawn  in.  In  joining  up  two  lengths 
of  tube,  the  end  of  one  piece  should  be  opened  up  with  the  pliers 
so  that  it  may  receive  the  end  of  the  other  tube,  which  should  also 
be  opened  up,  but  to  a  less  extent,  to  prevent  Wear  upon  the 
insulation.  Specially  prepared  paper  tubes  are  sometimes  substi- 
tuted for  the  zinc. 

If  the  building. is  completed  before  the  wiring  is  done,  the 
concealed  method  described  above  cannot  be  used,  and  it  is  neces- 
sary to  run  the  wires  along  the  walls  supported  by  staple^,  where 
they  will  be  least  conspicuous.  Fig.  2  shows  ordinary  double- 
pointed   tacks.  Fig.  3  shows  an  insulating   saddle  staple  which 


^ 


Fig.  2. 
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is  to  be  recommended.     Two  wires  sbonld  nerar  be  aecnred  tinder 

the  same  staple  if  it  can  posBibly  be  avoided,  owing  to  tbe  danger 

of   short   circnits.     With   a  little 

care  it  is  uenally  possible  to  con-   ' 

ceal  the  wiring  behind  the  picture   | 

moulding,  along  the  skirting-board, 

and  beside  the  door  posta^  but  where 

it  is  impossible  to  conceal  it,  alight  : 

ornamental   casing   to  match    the  I 

finish  of  the  room,  may  be  used. 

It  is  sometimes  advisable  to  ase 

twin  wires  or  two  insulated  wires  run  in  the  same  outer  covering. 

In  some  cases  it  is  well  to  run  the  wirt-s  under  the  floors, 
laying  them  in  notches  in  the  tops  of  the  joists  or  in  holes  bored 
about  two  inches  below  the  tops  of  the  joists. 
JOINTS. 

When  making  a  joint,  care  should  be  taken  to  have  a  firm, 
clean  connection,  both  mechanically  and  electrically,  and  this  must 
always  be  soldered  to  prevent  corrosion.  The  insulation  should 
be  stripped  off  the  ends  of  the  wires  to  be  joined,  for  a  distance  of 
about  3  inches,  and  the  wires  made  bright  by  scraping  oi  sandpa- 
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Fig.  4. 

pering.     They  should  then  bo  twisted  tightly  and  evenly  together 
as  shown  in  Fig.  4. 

Next  comes  the  operation  of  solderitis,  which  is  absolutely 
necessary  if  a  permanent  joint  from  an  electrical  standpoint  is  to 
be  obtained.  A  joint  made  without  solder  may  be  electrically 
sound  at  first,  but  its  resistance  rapidly  increases,  due  to  deteri- 
oration of  the  joint.  As  has  already  been  stated,  the  wires  should 
be  made  bright  and  clean  before  they  are  twisted  together. 
Soldering  fluids  should  never  be  used,  because  they  cause  corrosion 
of  the  wire.  The  best  flux  to  use  is  resin  or  composite  candle. 
The  soldering  should  always  be  done  with  a  copper  bit  rather  thau 
with  a  blowpipe  or  wireman's  torch. 
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A  convenient  form  of  soldering  tool  consists  of  a  small  copper 
bit  having  a  semicircular  notch  near  the  end.  This  bit  should,  of 
course,  be  well  tinned.  It  is  then  heated  over  a  spirit  lamp,  or 
wireman's  torch,  and  the  notch  filled  with  soft  solder.  Lay  the 
joint,  which  has  previously  been  treated  with  the  flux,  in  this 
notch  and  turn  it  so  that  the  solder  runs  completely  around  among 
the  spirals  of  the  joint.  The  loose  solder  should  be  shaken  off  or 
removed  with  a  bit  of  rag.  When  the  joint  is  set,  it  should  be 
insulated  with  rubber  tape,  so  that  it  will  be  protected  as  perfectly 
as  the  other  portions. 

It  is  often  possible  to  save  a  considerable  length  of  wire  and 
amount  of  labor  by  using  a  ground  return,  which,  if  properly 
arranged,  will  give  very  satisfactory  results,  although  a  complete 
metallic  circuit  is  always  to  be  preferred.     Where  water  or  gas 

mains  are  available,  a  good  ground  may  be  ob- 
tained by  connecting  to  them,  being  sure  to 
have  a  good  connection.  This  may  be  se- 
cured by  scraping  a  portion  of  the  pipe 
perfectly  bright  and  clean  and  then  winding 
this  with  bare  wire;  the  whole  is  then  well 
soldered.  An  end  should  be  left  to  which 
the  wire  from  the  bell  circuit  is  twisted  and 

OJl /-  soldered.     If  such  mains  are  not  available, 

'-' U  ■*  a  good  ground  can  be  obtained  by  connecting 

^  the  wire  from  the  bell  circuit,  as  described 

above,  to  a  pump  pipe.  In  the  absence  of 
water  and  gas  mains,  and  of  a  pump  pipe, 
a  ground  may  be  obtained  by  burying  beneath 
pennanent  moisture  level  a  sheet  of  copper 
or  lead,  having  at  least  five  square  feet  of  surface,  to  which  the 
return  wire  is  connected.  The  ground  plate  should  be  covered 
with  coke  nearly  to  the  surface;  the  hole  should  then  be  filled  in 
with  ordinary  soil  well  rammed. 

OUTFIT. 

The  three  essential  parts  of  the  electric  bell  outfit  are  the  bell 
push,  which  furnishes  a  means  of  opening  and  closing  the  circuit 
at  will,  the  battery,  which  furnishes  the  current  for  operating  the 


Fig.  5. 
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bell,  and  the  bell  itself.  Before  discuBsing  the  combination  of 
these  pieces  of  apparatus  in  the  complete  circuit,  let  us  take  up 
the  individual  parte  in  order. 

.  A  bell  push  is  shown  diagrammatically  in  Fig.  5.  In  this 
illustration  P  is  the  push  button;  when 
this  is  pressed  upon  it  brings  the  point 
of  the  spring  8  in  contact  with  the  metal 
strip  R,  thus  closing  the  circuit  with  which 
it  is  connected  in  series.  Normally  the 
springs  are  separated  as  shown,  and  the 
circuit  is  accordingly  open. 

Bell  pushes  are  made  in  various  de- 
signs  and  atyles,  from  the  simple  wooden 
push  shown  in  Fig.  6  to  very  elaborate  and  expensive  articles. 
Fig.  7  shows  four  cast  bronze  pushes  of  neat  appearance  and  mod* 
erate  price. 

Batteries.     Electric  bells  are  nearly  always  operated  on  the 
open  circuit  plan,  and  hence  the  battery  used  is  generally  of  the 


Fig.  6. 


Fig.  7. 
open  circuit  type,  such  aa  the  Leclanche  cell,  which  is  used  very 
largely  except  for  heavy  work.  This  is  a  zinc-carbon  cell  in  which 
the  excitant  is  sal-ammoniac  dissolved  in  water.  Polarization  is 
prevented  by  peroxide  of  manganese,  which  gives  up  part  of  its 
oxygen,  combining  with  the  hydrogen  set  free  and  forming  water. 
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Dry  Batteries  are  also  frequently  used  for  bell  work,  their 
principal  advantage  being  cleanliness,  as  they  cannot  spill.  Dry 
cells  are  really  a  modification  of  the  Leclanche  type,  as  they  use 
zinc  and  carbon  plates  and  sal-ammoniac  as  the  exciting  agent. 
The  Burnley  cell,  which  is  one  of  the  principal  types  of  dry  cell, 
has  an  electrolyte  composed  of  sal-ammoniac,  chloride  of  zinc, 
plaster,  flour,  and  water.  This  compound  when  mixed  is  a  semi- 
liquid  mass  which  quickly  stiffens  after  being  poured  into  the  cup. 
The  depolarizing  agent  is  peroxide  of  manganese,  the  same  as  is 
used  in  the  Leclanche  cell,  this  being  packed  around  the  carbon 

cylinder.  Thp  top  of  the  cell  is  sealed 
with  bitumen  or  some  similar  substance. 
For  very  heavy  work  the  Edison- 
Lalande  and  the  Fuller  types  of  cell  are 
best  suited,  while  for  closed  circuit  work 
the  gravity  cell  is  most  satisfactory. 

Bell.  It  is  a  well-known  fact  that 
if  a  current  of  electricity  flows  through 
a  coil  of  wire  wound  on  an  iron  core, 
the  core  becomes  magnetized  and  is  ca- 
pable  of  attracting  any  magnetic  sub- 
stances to  itself.  The  operation  of  the 
electric  bell,  like  that  of  so  many  other 
pieces  of  electrical  apparatus,  depends 
upon  this  fact.  A  diagrammatic  repre* 
sentation  of  an  electric  bell  is  shown  in 
Fig.  8,  in  which  M  is  an  electromagnet 
composed  of  soft-iron  cores  on  which  are  wound  coils  of  insulated 
wire.  The  armature  is  mounted  upon  a  spring  K,  and  carries  a  ham- 
mer  H  at  its  end  for  striking  the  gong.  On  the  back  of  the  armature 
is  a  spring  which  makes  contact  at  D  with  the  back  stop  T.  The 
action  of  the  bell  is  as  follows:  When  the  circuit  is  closed  through 
the  bell  a  current  flows  from  terminal  1,  around  the  coils  of  the 
magnet,  through  the  spring  K  and  contact  point  D,  through  the 
back  stop  T,  to  terminal  2.  In  flowing  around  the  electromagnet  the 
current  magnetizes  its  core,  which  consequently  attracts  the  arma- 
ture. This  causes  the  hammer  H  to  strike  the  gong.  While  in 
this  position  the  contact  at  D  is  broken,  the  current  ceases  to  flow 


Fig.  8. 
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around  the  electromagnet  and  the  cores  consequently  lose  tJieir 
attractive  force.  The  armature  is  then  carried  back  to  its  original 
position  by  the  spring  K,  making  contact  at  D,  and  the  process  is 
repeated.  The  hammer  will  thus  vibrate  and  the  bell  continue  to 
ring  as  long  as  the  circuit  is  closed. 

The  typ>  of  bell  described  above  il  tiie  one  most  commonly 
used.  Such  bells  are  made  iu  a  great  variety  of  shapes  and  styles, 
the  prices  varying  accoMingly.  It  ia  important  that  platinum 
tips  be  furnished  at  the  contact  point  D,  Fig.  8,  to  prevent  cor. 


Fig.  10. 

rosion.  The  bells  on  the  market  today  are  of  two  classes,  the  iron 
box  bell  and  the  wooden  box  bell.  A  bell  of  the  wooden  box  type  ia 
shown  in  Fig.  9,  and  a  higher  grade  bell  of  the  iron  frame  skeleton 
type  is  shown  in  Fig.  10,  Bells  without  covers  should  never  be  used, 
as  dust  will  settle  on  the  contacts  and  interfere  with  their  action. 
CIRCUITS. 
The  possible  combinations  of  the  various  parts  into  complete 
circuits  are  so  varied  that  it  would  be  impossible  to  deecriiie  them 
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all;  in  fact,  almost  every  one  is  to  a  certain  extent  a  special 
problem.  It  is,  however,  possible  to  give  typical  circuits  the 
underlying  principles  of  which  can  be  applied  successfully  to  any 
particular  case. 

Fig.  11  shows  a  bell  circuit  in  its  simplest  form,  in  which  P 
represents  the  push,  B  the  bell,  and  C  the  battery;  all  connected 
in  series.  The  circuit  is  normally  open  at  P,  and  hence  no  cur- 
rent flows  to  exhaust  the  batteries. 
When  P  is  pressed,  the  circuit, 
otherwise  complete,  is  closed  and 
current  passes  through  the  bell 
causing  it  to  ring,  as  already  ex- 
plained.  For  instance,  the  push 
might  be  located  beside  the  front 
door,  the  bell  in  the  kitchen  and  the 
battery  in  the  cellar;  the  location  depending  on  the  results  desired 
and  conditions  to  be  met.  The  wire  between  P  and  C  may,  if 
necessary,  be  dispensed  with  and  connection  made  to  ground  at  G 
and  6,  as  shown  by  the  dotted  lines. 

Fig.  12  shows  an  arrangement  by  means  of  which  one  bell  B 
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Fig.  12.  Fig.  la 

may  be  controlled  by  either  of  the  pushes  P  or  P.     This  system 
may  be  extended  to  any  number  of  pushes  similarly  connected. 

A  method  for  ringing  two  bells  simultaneously  from  one  push 
is  shown  in  Fig.  13,  where  both  bells  B  and  B'  will  ring  from  push 
P.  Bells,  if  connected  in  this  manner,  should  have  as  nearly  as 
possible  the  same  resistance,  otherwise  the  bell  of  lower  resistance 
will  take  so  much  current  that  there  will  not  be  a  sufficient  amount 
left  for  the  other.  Also,  the  batteries  must  be  of  greater  current 
capacity  as  the  amount  of  current  taken  is,  of  course,  doubled.  This 
system  can  be  extended  to  any  number  of  bells  connected  in  this 
way,  up  to  the  limit  of  capacity  of  the  battery  to  ring  them.    Figs. 
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12  and   13  may  be  combined  so  that  two  or  more  bells  may  be 
mng  from  any  one  of  two  or  more  pushes. 

In  Fig.  14  is  shown  a  scheme  for  ringing  either  bell,  B  or  B', 
from  one  push  and  one  battery  by  means  of  the  two-point  switch 


Fig.  14. 

S.     When  the  arm  of  the  switch   is  on  contact  1,  the  push  will 
ring  bell  B,  and  when  on  contact  3  it  will  ring  bell  B'. 

Id  Fig.  15  is  shown  a  method  of  connecting  bells  in  series  so 
that  B  and  B'  may  be  rung  from  P.  If  all  the  bells  so  connected 
were  of  the  vibrating  type,  they  would  not  work  satisfactorily,  as 
it  would  be  impossible  to  time  them  so  that  the  Tibrations  wonid 
keep  step,  hence  only  one  bell  should 
be  of  the  vibrating  type,  and  the  others 
should  have  the  circuit  breakers  short- 
circuited,  the  vibrating  bell  serving  as 
interrupter  for  the  whole  series.  Obvi- 
ously this  system  requires  a  higher  volt- 


Fig.  15. 

age   than   parallel  connection,  and   the 

cells  must  be   of   sufficient   E.M.F,   to 

ring  the  bells  satisfactorily.     Several 

bells  may  be  connected  in  this  way,  if  « 

desired,  up  to  the  limit  of  voltage  of  the 

battery.  Fig.  16. 

Oftentimes  a  bell  is  to  be  rung  from  several  different  places. 
For  instance,  the  bell  in  an  elevator  may  be  rung  from  any  one  of 
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several  floors,  or  the  bell  in  the  office  of  a  hotel  may  be  rung  from 
any  one  of  several  different  rooms.  In  this  case  it  is  neoessary  to 
have  some  device  to  indicate  from  which  push  the  bell  was  rung. 
The  annunciator  furnishes  this  information  very  well.  A  three- 
station  annunciator  is  shown  in  Fig.  16.  The  connections  for  an 
annunciator  are  shown  in  Fig.  17  where  A  represents  the  anun- 
ciator,  B  the  bell,  C  the  battery,  and  P*,  P,  and  P*  the  pushes. 
For  instance,  when  P*  is  pressed,  the  current  passes  through  the 
electromagnet  controlling  point  1  on  the  annunciator  which  causes 
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Fig.  17. 

the  arrow  to  be  turned  and  at  the  same  time  the  bell  rings.  After 
the  attendant  has  noted  the  signal,  the  arrow  is  restored  to  its 
normal  position  by  pressing  a  lever  on  the  bottom  of  the  annun- 
ciator box. 

The  electric  burglar  alarm  furnishes  a  very  eflScient  protec 
tion  and  is  an  application  of  the  principles  already  described.  The 
circuit,  instead  of  being  completed  by  a  push,  is  completed  by 
contacts  placed  on  the  doors  or  windows  so  that  the  opening  of 
either  will  cause  the  bell  to  ring.  The  same  device  may  be  used 
on  money-drawers,  safes,  etc. 

In  the  case  of  the  electric  fire  alarm,  the  signal  may  be  given 
either  automatically  when  the  temperature  reaches  a  certain  degree, 
or  pushes  may  be  placed  in  convenient  locations  to  be  operated 
manually.  The  pushes  should  be  protected  by  glass  so  that  they 
will  not  be  tampered  with,  it  being  necessary  to  br^ak  the  glass 
to  give  the  alarm. 
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HISTORY  AND  DEVELOPMENT 

The  history  of  electric  lighting  as  a  commercial  proposition  begins 
with  the  invention  of  the  Gramme  dynamo,  by  Z,  J.  Gramme,  in 
1870,  together  with  the  introduction  of  the  Jablochkofif  candle  or 
light,  which  was  first  announced  to  the  public  in  1876,  and  which 
formed  a  feature  of  the  International  Exposition  at  Paris  in  1878. 
Up  to  this  time,  the  electric  light  was  known  to  biit  few  investigators, 
one  of  the  earliest  being  Sir  Humphrey  Davy  who,  in  1810,  produced 
the  first  arc  of  any  great  magnitude.  It  was  then  called  the  voltaic 
arc,  and  resulted  from  the  use  of  two  wood  charcoal  pencils  as-elec- 
trodes  and  a  powerful  battery  of  voltaic  cells  as  a  source  of  current. 

From  1840  to  1859,  many  patents  were  taken  out  on  arc  lamps, 
most  of  them  operated  by  clockwork,  but  these  were  not  successful, 
due  chiefly  to  the  lack  of  a  suitable  source  of  current,  since  all  de- 
pended on  primary  cells  for  their  power.  The  interest  in  this  form 
of  light  died  down  about  1859,  and  nothing  further  was  attempted 
until  the  advent  of  the  Gramme  dynamo. 

The  incandescent  lamp  was  but  a  piece  of  laboratory  apparatus 
up  to  1878,  at  which  time  Edison  produced  a  lamp  using  a  platinum 
spiral  in  a  vacuum,  as  a  source  of  light,  the  platinum  being  rendered 
incandescent  by  the  passage  of  an  electric  current  through  it.  The 
first  successful  carbon  filament  was  made  in  1879,  this  filament  being 
formed  from  strips  of  bamboo.  The  names  of  Edison  and  Swan  are 
intimately  connected  with  these  early  experiments. 

From  this  time  on,  the  development  of  electric  lighting  has  been 
very  rapid,  and  the  consumption  of  incandescent  lamps  alone  has 
reached  several  millions  each  year.  When  we  compare  the  small 
amount  of  lighting  done  by  means  of  electricity  twenty-five  years  ago 
with  the  enormous  extent  of  lighting  systems  and  the  numerous 
applications  of  electric  illumination  as  they  are  to-day,  the  growth 
and  development  of  the  art  is  seen  to  be  very  great,  and  the  value  of 
a  study  of  this  subject  may  be  readily  appreciated.     While  in  many 
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cases  electricity  is  not  the  cheapest  source  of  power  for  illumination, 
its  admirable  qualities  and  convenience  of  operation  make  it  by  far 
the  most  desirable. 

CLASSIFICATION 

The  subject  of  electric  lighting  may  be  classified  as  follows: 

1.  The  type  of  lamps  used. 

2.  The  methods  of  distributing  power  to  the  lamps. 

3.  The  use  made  of  the  light,  or  its  application. 

4.  Photometry  and  lamp  testing. 

The  types  of  lamps  used  may  be  subdivided  into: 

1.  Incandescent  lamps:  Carbon,  metallic  filament,  Nernst. 

2.  Special  lamps:  Exhausted  bulb  without  filament,  such  as  the  Cooper- 
Hewitt  lamp  and  Moore  tube  lamp. 

3.  Arc  lamps:  Ordinary  carbon,  fiaming  arc. 

INCANDESCENT  LAMPS 


The  incandescent  lamp  is  by  far  the  most  common  type  of  lamp 
used,  and  the  principle  of  its  operation  is  as  follows: 

If  a  current  /  is  sent  through  a  conductor  whose  resistance  is 
R,  for  a  time  i,  the  conductor  is  heated,  and  the  heat  generated  = 
PR  t,  PR  t  representing  joules  or  watt-seconds. 

If  the  current,  material,  and  conditions  are  so  chosen  that  the 
substance  may  be  heated  in  this  way  until  it  gives  out  light,  becomes , 
incandescent,  and  does  not  deteriorate  too  rapidly,  we  have  an  in- 
candescent lamp.  Carbon  was  the  first  successful  material  to  be 
chosen  for  this  conductor  and  for  ordinary  lamps  it  is  formed  into  a 
small  thread  or  filament.  Very  recently  metallic  filament  lamps 
have  been  introduced  commercially  with  great  success  but  the  carbon 
incandescent  lamp  will  continue  to  be  used  for  some  time,  especially 
in  the  low  candle-power  units  operated  at  commercial  voltages.  Car- 
bon is  a  successful  material  for  two  reasons: 

1.  The  material  must  be  capable  of  standing  a  very  high  tem- 
perature, 1,280°  to  1,330°  C,  or  even  higher. 

2.  It  must  be  a  conductor  of  electricity  with  a  fairly  high  re- 
sistance. 

Platinum  was  used  in  an  early  stage  of  the  development,  but, 
as  we  shall  see,  its  temperature  cannot  be  maintained  at  a  value  high 
enough  to  make  the  lamp  as  efficient  as  when  carbon-  or  a  metal 
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Imviiifi;  a  melting  point  higher  than  tliat  of  platinum,  is  used.  Nearly 
iill  attempts  to  substitute  another  substance  in  place  of  carbon  have 
failed  until  recently,  and  the  few  lamps  which  are  entirely  or  partially 
successful  will  be  treated  later.  The  nature  of  the  carbon  employed 
in  incandescent  lamps  has,  however,  been  much  improved  over  the 
first  forms,  and  owing  to  the  still  very  great  importance  of  this  lamp, 
the  method  of  manufacture  will  be  considered. 

Manufacture  of  Carbon  Incandescetit  Lamps.  Preparaium  of 
the  Filament  Cellulose,  a  chemical  compound  rich  in  carbon,  is 
prepared  by  treating  absorbent  cotton  with  zinc  chloride  in  proper 
proportions  to  form  a  uniform,  gelatine-like  mass.  It  is  customary 
to  stir  this  under  a  partial  vacuum  in  order  to  remove  bubbles  of  air 
which  might  be  contained  in  it  and  destroy  its  uniformity.  This 
material  is  then  forced,  "squirted,"  through  steel  dies  into  alcohol,  the 


alcohol  serving  to  harden  the  soft,  transparent  threads.  These  threads 
are  then  thoroughly  washed  to  remove  all  trace  of  the  zinc  chloride, 
<Iried,  cut  to  the  desired  lengths,  wound  on  forms,  and  carbonized  by 
heating  to  a  high  temperature  away  from  air.  During  carbonization, 
the  cellulose  is  transformed  into  pure  carbon,  the  volatile  matter  being 
driven  off  by  the  high  temperature  to  which  the  filaments  are  subjected. 
The  material  becomes  hard  and  stiff,  assuming  a  permanent  form, 
shrinking  in  both  length  and  diameter — the  form  being  specially  con- 
structed so  as  to  allow  for  this  shrinkage.  The  forms  are  made  of 
carbon  blocks  which  are  placed  in  plumbago  crucibles  and  packed 
with  powdered  carbon.  The  crucibles,  which  are  covered  with 
loosely  fitting  carbon  covers,  are  gradually  brought  to  a  white  heat, 
at  which  temperature  the  cellulose  is  changed  to  carbon,  and  then 
allowed  to  cool.  After  cooling,  tlie  filaments  are  removed,  measured, 
and  inspected,  and  the  few  defective  ones  discarded. 
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In  the  early  days,  these  filaments  were  made  of  cardboard  or 
bamboo,  and  later,  of  thread  treated  with  sulphuric  acid. 

A  few  of  the  shapes  of  filaments  now  in  use  are  shown  in  Fig.  1, 
the  different  shapes  giving  a  slightly  different  distribution  of  light. 
As  here  shown  they  are  designated  as  follows:  A,  U-shaped;  B, 
single-curl;  C,  single-curl  anchored;  D,  double-loop;  E,  double- 
curl;  F,  double-curl  anchored. 

Mounting  the  Filament,  After  carbonization,  the  filaments 
are  mounted  or  joined  to  Tvires  leading  into  the  globe  or  bulb.  These 
wires  are  made  of  platinum — ^platinum  being  the  only  substance,  .so 
far  as  known,  that  expands  and  contracts  the  same  as  glass,  with 
change  in  temperature  and  which,  at  the  same  time,  will  not  be  melted 
by  the  heat  developed  in  the  carbon.  Since  the  bulb  must  remain 
air-tight,  a  substance  expanding  at  a  different  rate  from  the  glass 
cannot  be  used.  Several  methods  of  fastening  the  filament  to  the 
leading  in  wires  have  been  used,  such  as  forming  a  socket  in  the  end 
of  the  wire,  inserting  the  filament,  and  then  squeezing  the  socket 
tightly  against  the  carbon;  and  the  use  of  tiny  bolts  when  cardboard 
filaments  were  used;  but  the  pasted  joint  is  now  used  almost  exclu- 
sively. Finely  powdered  carbon  is  mixed  with  some  adhesive  com- 
pound, such  as  molasses,  and  this  mixture  is  used  as  a  paste  for  fasten- 
ing the  carbon  to  the  platinum.  Later,  when  current  is  sent  through 
the  joint,  the  volatile  matter  is  driven  off  and  only  the  carbon  remains. 
This  makes  a  cheap  and,  at  the  same  time,  a  very  efficient  joint. 

Flashing,  Filaments,  prepared  and  mounted  in  the  manner 
just  described,  are  fairly  uniform  in  resistance,  but  it  has  been  found 
that  their  quality  may  be  much  improved  and  their  resistance  very 
closely  regulated  by  depositing  a  layer  of  carbon  on  the  outside  of  the 
filament  by  the  process  of  flashing.  By  flashing  is  meant  heating  the 
filament  to  a  high  temperature  when  immersed  in  a  hydrocarbon  gas, 
such  as  gasoline  vapor,  under  partial  vacuum.  Current  is  passed 
through  the  filament  in  this  process  to  accomplish  the  heating.  Gas 
is  used,  rather  than  a  liquid,  to  prevent  too  heavy  a  deposit  of  the 
carbon.  Coal  gas  is  not  recommended  because  the  carbon,  when 
deposited  from  this,  has  a  dull  black  appearance.  The  effects  of 
flashing  are  as  follows: 

1.  The  diameter  of  the  filament  is  increased  by  the  deposited 
carbon  and  hence  its  resistance  is  decreased.    The  process  must  be 
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discontinued  when  the  desired  resistance  is  reached.  Any  little  irregu- 
larities in  the  filament  will  be  eliminated  since  the  smaller  sections, 
having  the  greater  resistance,  will  become  hotter  than  the  remainder 
of  the  filament  and  the  carbon  is  deposited  more  rapidly  at  these 
points. 

2.  The  character  of  the  surface  is  changed  from  a  dull  black 
and  comparatively  soft  nature  to  a  bright  gray  coating  which  is  much 
harder  and  which  increases  the  life  and  eflSciency  of  the  filament. 

Exhausting.  After  flashing,  the  filament  is  sealed  in  the  bulb 
and  the  air  exhausted  through  the  tube  A  in  Fig.  2,  which  shows  the 
lamp  in  different  stages  of  its 
manufacture.  The  exhaustion 
is  accomplished  by  means  of 
mechanical  air  pumps,  sup- 
plemented by  Sprengle  or  mer- 
cury pumps  and  chemicals. 
Since  the  degree  of  exhaustion 
must  be  high,  the  bulb  should 
be  heated  during  the  process 
so  as  to  drive  off  any  gas  which 
may  cling  to  the  glass.  When 
chemicals  are  used,  as  is  now 
almost  universally  the  case,  the 
chemical  is  placed  in  the  tube 
A  and,  when  heated,  serves 
to  take  up  much  of  the  remain- 
ing gas.  Exhaustion  is  neces- 
sary for  several  reasons: 

1.  To  avoid  oxidization  of  the  filament. 

2.  To  reduce  the  heat  conveyed  to  the  globe. 

3.  To  prevent  wear  on  the  filament  due  to  currents  or  eddies  in  the  gas. 

After  exhausting,  the  tube  A  is  sealed  off  and  the  lamp  com- 
pleted for  testing  by  attaching  the  base  by  means  of  plaster  of  Paris. 
Fig.  3  shows  some  of  the  forms  of  completed  incandescent  lamps. 

Voltage  and  Candl^Power*  Incandescent  lamps  of  the  carbon 
type  vary  in  size  from  the  miniature  battery  and  candelabra  lamps  to 
thase  of  several  hundred  candle-power,  though  the  latter  are  very 
seldom  used.     The  more  common  values  for  the  candle-power  are 
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Fig.  2.     Different  Stages  in  Lamp  Manufacture. 
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S,  16,  25,  32,  and  50,  the  choice  of  candle-power  depending  on  the 
use  to  be  made  of  the  lamp. 

The  voltage  will  vary  depending  on  the  method  of  distribution 
of  the  power.  For  what  is  known  as  paralld  disti-ihvtion,  110  or 
220  volts  are  generally  used.  For  the  higher  values  of  the  voltage, 
long  and  slender  filaments  must  be  used,  if  the  candle-power  is  to  be 
low;  and  lamps  of  less  than  16  candle-power  for  220-volt  circuits  are 
not  practical,  owing  to  difficulty  in  manufacture.  For  series  dis- 
tribution, a  low  voltage  and  higher  current  is  used,  hence  the  fila- 
ments may  be  quite  heavy.  Battery  lamps  operate  on  from  4  to  24 
volts,  but  the  vast  majority  of  lamps  for  general  illumination  are 
operated  at  or  about  110  volts. 


Fig,  3.    Several  Forms  of  Completed  tamps. 

Efficiency.  By  the  efficiency  of  an  incandescent  lamp  is  meant 
the  power  required  at  the  lamp  terminals  per  candle-power  of  light 
given.  Thus,  if  a  lamp  giving  an  average  horizontal  candle-power 
of  16  consumes  \  an  ampere  at  112  volts,  the  total  number  of  watts 
consumed  will  be  112  X  i  =  56,  and  the  watts  per  candle-power 
will  be  56  -i-  16  =  3.5.  The  efficiency  of  such  a  lamp  is  said  to  be 
3.5  watts  per  candle-power,  or  simply  watts  per  candle.  WaUs 
economy  is  sometimes  used  for  efficiency. 

The  efficiency  of  a  lamp  depends  on  the  temperature  at  which 
the  filament  is  run.  In  the  ordinary  lamp  this  temperature  is  between 
1,280°  and  1,330°  C,  and  the  curve  in  Fig.  4  shows  the  increase  of 
efficiency  with  the  increase  of  temperature.    The  temperature  attained 
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by  a  filament  depends  on  the  rate  at  which  heat  is  radiated  and  the 
amount  of  power  supplied.  The  rate  of  radiation  of  heat  is  propor- 
tional to  the  area  of  the  filament,  the  elevation  in  temperature,  and 
the  emissivity  of  the  surface. 

By  emissivity  is  meant  the  number  of  heat  units  emitted  from 
unit  surface  per  degree  rise  in  temperature  above  that  of  surrounding 
Ixxiies.  The  bright  surface  of  a  flashed  filament  has  a  lower  emis- 
sivity than  the  dull  surface  of  an  unhealed  filament,  hence  less 
energy  is  lost  in  heat  radiation  and  the  efficiency  of  the  filament  is 
increased. 

As  soon  as  incandescence  is  reached,  the  illumination  increases 
much  more  rapidly  than  the  emission  of  heat,  hence  the  increase  in 


Fig.  4.    EfSclency  Curve  tor  Incandeacent  tAmp. 

efficiency  shown  in  Fig,  4.  Were  it  not  for  the  rapid  disintegration 
of  the  carbon  at  high  temperature,  an  efficiency  higher  than  3.1  watts 
could  be  obtained. 

By  a  special  treatment  of  the  carbon  filaments,  the  nature  of  the 
carbon  is  so  changed  that  the  filaments  may  be  run  at  a  higher  tem- 
perature and  the  lamps  still  have  a  life  comparable  to  that  of  the  3.1- 
watt  lamp.  Lamps  using  these  special  carbon  filaments  are  known 
as  gem  metallized  filament  lamps,  or  merely  as  gem  lamps,  and  they 
will  be  described  more  fully  later. 

Relation  of  Life  to  Efficiency.  Ordinary  Carbon  Lamp.  By 
the  useful  hfe  of  a  lamp  is  meant  the  length  of  time  a  lamp  will  burn 
before  its  candle-power  has  decreased  to  such  a  value  that  it  would 
be  more  economical  to  replace  the  lamp  with  a  new  one  than  to  con- 
tinue to  use  it  at  its  decreased  value,  A  decrease  fo  80^,  of  the  initial 
candle-power  of  carbon  lamps  is  now  taken  as  the  point  at  wliJcJi  a 
lamp  should  be  replaced,  and  the  normal  life  of  a  lamp  is  in  the 
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neighborhood  of  800  hours.  To  obtain  the  most  economical  results, 
such  lamps  should  always  be  replaced  at  the  end  of  their  useful  life. 

In  Table  I  are  given  values  of  efficiency  and  life  of  a  3.5-watt, 
110-volt  carbon  lamp  for  various  voltages  impressed  on  the  lamp. 
These  values  are  plotted  in  Fig.  5.  The  curves  show  that  a  3% 
increase  of  voltage  on  the  lamp  reduces  the  life  by  one-half,  while  an 
increase  of  6%  causes  the  useful  life  to  fall  to  one-third  its  normal 
value.  The  effect  is  even  greater  when  3.1-watt  lamps  are  used,  but 
not  so  great  with  4-watt  lamps.  From  this  we  see  that  the  regulation 
of  the  voltage  used  on  the  system  must  be  very  good  if  high  elfficiency 
lamps  are  to  be  used,  and  this  regulation  will  determine  the  efficiency 
of  the  lamp  to  be  installed. 

Selection  of  Lamps.    Ordinary  Carbon  Tijpe.    Lamps  taking  3.1 

watts  per  candle-power  will  give  satisfaction  only  when  the  regulation 

of  voltage  is  the  best — practically  a  constant  voltage  maintained  at  the 

normal  voltage  of  the  lamp. 

TABLE  I 

Effects  of  Change  In  Voltas:e 

Standard  3. 5- Watt  Lamp 


VOLTAOB 

Pkr  Cent,  or 
Normal 

Candle-Powku 

Per  Cent,  op 

Normal 

Watts  Per 
Candle-Powkr 

Life  Per  Cent. 
OF  Normal 

Dktehioration 

Per  Cent,  of 

Normal 

90 

53 

5.36 

91 

56 

5.09 

92 

61 

4.85 

93 

65 

4.63 

94 

60 

4.44 

394 

25 

95 

73 

4.20 

310 

32 

96 

78 

4.09 

247 

44 

97 

83 

3 .  93 

195 

51 

98 

88 

3.78 

153 

65 

99 

94 

3.04 

126 

79 

100 

100 

3.5 

100 

100 

101 

106 

3.38 

84 

118 

102 

111 

3.27 

68 

146 

103 

116 

3.16 

58 

173 

104 

123 

3.05 

47 

211 

105 

129 

2.95 

39 

253 

106 

137 

2.85 

31 

316 

107 

143 

2.76 

26 

380 

108 

152 

2.68 

21 

474 

100 

159 

2.60 

17 

575 

110 

107 

2  53 

16 

037 

Lamps  of  3.5  watts  per  candle-powcT  sliould  be  used  when  the 
regulation  is  fair,  say  with  a  maximum  variation  of  2%  from  the 
normal  voltage. 
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Fig.  5.    Curves  o(  EfflclBEcy  and  lite  oC  Carbon  FUamoQt  limps. 

Lamps  of  4  watts  per  candle-power  should  be  installed  when  the 
regulation  is  poor.  These  values  are  for  110-voIt  lamps.  A  220-voIt 
lamp  should  have  a  lower  efficiency  to  give  a  long  life.     This  is  on 


Fig.  B.     Ufe  Curves  of  Incsndescent  Lamps. 

account  of  the  fact  that,  for  the  same  candle-power,  the  220-voU  lamp 
must  be  constructed  with  a  filament  which  is  long  and  slender  com- 
pared to  that  of  the  110-voIt  lamp,  and  if  such  a  filament  U  run  at  a 
high  temperature  its  life  is  short.  The  220-volf  lamp  is  used  to  some 
considerable  extent  abroad  but  it  is  not  employed  extensively  in  th? 
United  States.  It  is  customary  to  operate  such  lamps  at  an  efficiency 
of  about  4  watts  per  candle-power. 
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Lamps  should  always  be  renewed  at  the  end  of  their  useful  life, 
this  point  being  termed  the  smaaking-Tpoint,  as  it  i^  cheaper  to  replace 
the  lamp  than  to  run  it  at  the  reduced  candle-power.  Some  recom- 
mend running  these  lamps  at  a  higher  voltage,  but  that  means  at  a 
reduced  life,  and  it  is  not  good  practice  to  do  this. 


Fig.  7.     HurUoulal  Uisiribuliu^i  I'urvo  lur  Single- Lor) i>  l'']laineiit. 

Fig.  6  shows  the  life  curves  of  a  series  of  incandescent  lamps. 
These  curves  show  that  there  is  an  increase  in  the  candle-power  of 
some  of  the  lamps  during  the  first  100  hours,  followed  by  a  period 
during  which  the  value  is  fairly  constant,  after  which  the  light  given 
by  the  lamp  is  gradually  reduced  to  almut  SO'JJj  of  the  initial  candle- 
power. 
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Distribution  of  Light.  In  Fig.  1  are  shown  various  forms  of 
filaments  used  in  incandescent  lamps,  and  Figs.  7  and  8  show  the  dis- 
tribution of  light  from  a  single-loop  filament  of  cylindrical  cross- 
section.  Fig.  7shows  the  distribution  of  light  in  a  horizontal  plane,  the 
lamp  being  mounted  in  a  vertical  position,  and  Fig.  8  shows  the  dis- 


Flff.  S.    Vertksl  Distribution  Curve  tor  Single-Loop  Filament. 

tribution  in  a  vertical  plane.  By  changing  the  shape  of  the  filamenti 
the  light  distribution  is  varied.  A  mean  of  the  readings  taken  in 
t)ie  horizontal  plane  forms  the  Toean  horizontal  candle-power,  and 
this  candle-power  rating  is  the  one  generally  assumed  for  the  onlinary 
incandescent  lamp.  A  mean  of  the  readings  taken  in  a  vertical  plane 
gives  us  the  mean  vertical  candle-power,  but  this  value  is  of  little  use. 
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Mean  Spherical  Candle-Power.  When  comparing  lamps  which 
give  an  entirely  different  light  distribution,  the  mean  horizontal 
candle-power  does  not  form  a  proper  basis  for  such  comparison,  and 
the  mean  spherical  or  the  mean  hemispherical  candle-power  is  used 
instead.  By  mean  spherical  candle-power  is  meant  a  mean  value  of 
the  light  taken  in  all  directions.  The  methods  for  determining  this 
will  be  taken  up  under  photometry.  The  mean  hemispherical  candle- 
power  has  reference,  usually,  to  the  light  given  out  below  the  horizon- 
tal plane. 

The  Gem  Metallized  Filament  Lamp.  Wlien  the  incandescent 
lamp  was  first  well  established  commercially,  the  useful  life  of  a  unit, 
when  operated  at  3.1  watts  per  candle,  was  about  200  hours.  The 
improvements  in  the  process  of  manufacture  have  been  continuous 
from  that  time  until  now,  and  the  useful  life  of  a  lamp  operated  at 
that  efficiency  to-day  is  in  the  neighborhood  of  600  hours.  Experi- 
ments in  the  treatment  of  the  carbon  filament  have  led  to  the  intro- 
duction of  the  gem  metallized  filament  lamp.  This  lamp  should  not 
be  confused  with  the  metallic  filament  lamps,  to  be  described  later, 
because  the  material  used  is  carbon,  not  a  metal.  As  a  result  of 
special  treatment  the  carbon  filament  assumes  many  of  the  character- 
istics of  a  metallic  conductor,  hence  the  term  metallized  filament. 
The  word  graphitized  has  been  proposed  in  place  of  metallized. 

TABLE  II 
*  Data  on  the  Qem  Metallized  Filament  Lamp 


IIOKIZONTAL 

Watts  per 

tSpHERICAL 

$  Useful 

\\  ATTS 

C.    P. 

Candle 

Reduction 
Factor 

Lips 

40 

16 

2.5 

.816 

450  hrs. 

50 

20 

2.5 

.825 

450     " 

80 

32 

2  5 

.816 

450     *' 

100 

40 

2.5 

t 

460    '* 

125 

50 

2.5 

t 

450    " 

187. 5 

75 

2.5 

t 

450    " 

250 

100 

2.5 

t 

450    " 

*  These  lamps  are  nonnally  rated  at  three  voltages,  114,  112,  and  110  volts,  but 
data  referrlnR  to  the  highest  voltage  only  are  given. 

t  By  spherical  reduction  factor  is  meant  the  factor  by  which  the  horizontal  candle- 
power  must  be  multiplied  to  obtain  the  mean  spherical  candle-power. 

t  The  larger  imits  are  almost  invariably  used  with  reflectors,  hence  no  spherical 
reduction  factor  is  given. 

$  The  life  of  the  lamps  when  operated  at  the  lower  voltage  is  increased  to  about 
950  hours,  and  the  efficiency  is  changed  to  2.83  watts  per  candle. 
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When  a  filament,  as  treated  in  the  ordinary  manner,  b  run  at  a 
high  temperature  in  a  lamp  there  is  no  improvement  of  the  filament, 
but  it  was  dbcovered  that,  if  the  treated  filaments  were  subjected  to 
the  extremely  high  temperature  of  the  electric  resistance  furnace — 
3,000  to  3,700  degrees  C. — at  atmospheric  pressure,  the  physical 
nature  of  the  carbon  was  changed  and  the  resulting  filament  could  be 
operated  at  a  higher  temperature  in  the  lamp  and  a  higher  efficiency, 


Fie-  0.    Typical  DlBlributfon  Curves  ot  Gem  Lamp  with  DUTereat  Types  of  ReftectorB. 

and  still  maintain  a  life  comparable  to  that  of  a  3.1-watt  lamp.  This 
special  heating  of  the  filament,  which  is  applied  to  the  base  filament 
U'fore  it  is  flashed,  as  well  as  to  the  treated  filament,  causes  the  cold 
resistance  of  the  carbon  to  be  very  materially  decreased  and  the  fila- 
ment, as  used  in  the  lamp,  has  a  positive  temperature  coefficient — 
rise  in  resistance  with  rise  in  temperature — a  desirable  feature  from 
the  standpoint  of  voltage  regulation  of  the  circuit  from  which  the 
lamps  are  operated.  The  high  temperature  also  results  in  the  driving 
off  of  considerable  of  tlie  material  which,  in  the  ordinary  lump,  causes 
the  globe  to  blacken  after  the  lamp  has  been  in  use  for  some  time. 
The  blackening  of  the  bulb  is  responsible  to  a  considerable  degree 
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for  the  decrease  in  candle-power  of  the  incandescent  lamp.     The 
metallized  hiament  lamp  is  operated  at  an  efficiency  of  2  5  watts  pei 
candle  with  a  useful  life  of  about  500  hours.     The  change  in  candle- 
power  with  chanfTi-  in  voltage  is  less  than  in  the  ordinary  lamp  on 
account  of  the  positive  temperature  coefficient  of  the  filament.     These 
lamps  are  not  manufactured  for  very  low  candle-powers,  owing  to  the 
difficulty   of   treating   very  slender   fila- 
ments, but  they  are  made  in  sizes  con- 
suming from  40  to  250  watts.     Table  II 
gives  some  useful  information  in  connec- 
tion with  metallic  filament  lamps.     The  ' 
filaments  are  made  in  a  variety  of  shapes 
and  the  distribution  curves  are  usually 
modified  in  practice  by  the  use  of  shades 
and  reflectors.     The  genera!  appearance 
of  the  lamp  does  not  differ  from  that  of 
the  ordinary  carbon  lamp.     Fig.  9  shows 
typical  distribution  curves  of  the  metallized 
filament  lamp  as  it  Is  installed  in  practice. 
Fl8. 10.    Boi^  Bulb  Tantalum        Metallic  Filament  Lamps.       The  Tan- 
talum Lamp.    The  first  of  the  metallic 
filament  lamps  to   be  introduced  to  any  considerable  extent  com- 
mercially was  the  tantalum  lamp.     Dr.  Bolton  of  the  Siemens  & 
Plalske  Company  first  discovered  the  methods  of  obtaining  the  pure 
metal    tantalum.     This  metal   is   rendered  ductile  and  drawn  into 
slen<lcr  filaments   for    incandes- 
cent lamps.    Tantalum  has  a  high 
tensile  strength  and  high  melting 
point,  and  tantalum  filaments  are 
operated  at  temperatures  much 
higher  than  those  used  with  the 
carbon   filament  lamp.     On  ac- 
count   of    the    comparatively  low     FIb.  U.     Tantalum  FUpment  Before  md 

"  •'  After  1.000  Houre'  Use, 

Specific  resistance  of  tins  material 

the  filaments  for  llO-volt  lamp  must  be  long  and  slender,  and 
this  iH'(rs.si tales  a  s[x-ciiil  form  of  support.  Figs.  10,  II,  and  12 
kIhiw  .some  inlereslinj;  views  of  the  tantalum  lamp  and  the  fila- 
ment.    This   lump   is   operated   at   the   efficiency   of  2   watts   per 
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candle-power,  with  a  life  comparable  to  that  of  the  ordinary  lamp. 
By  special  treatment  it  is  possible  to  increase  the  resistance  of  the 
filaments  so  that  they  may  be  shorter  and  heavier  than  those  used  in 


the  first  of  the  tantalum  tamps.  It  should  be  noted  that  the  life  of 
this  type  of  lamp  on  alternating-current  circuits  is  somewhat  uncer- 
tain; it  is  much  more  satisfactory  for  operation  on  direct-current 
circuits.  Tables  HI  and  IV  give  some  general  data  on  the  tantalum 
lamp,  and  Figs.  13  and  14  show  typical  distribution  cur\'es  for  the 
units  as  installed  at  present. 

TABLE  111 
Dmta  on  Tanbiliini  Lamp 

UEVERAL  KLEITKIC  CO.,  MFTRS, 


SlIEO 

rBu.» 

ESTIJI* 

rK.  !,,.„ 

ON  A.C. 

""  °-  ^- 

40  watt 

2,', 

:if.O 

SOO 

SO    ■■ 

■    --i^ 

HO     ■' 

'■ik 

■!(J0 

.soo 

40  watt 

■H 

:i.X) 

.S0(1 

80       " 

' 

400 

NUO 
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TABLE  IV 
Data  on  the  Life  of  a  25<C.  P.  Unit 


K.O 

„„„„„.,„..„ 

■■...„.,.„„. 

_ 

^..^C...... 

,..» 

2.17 

25 

2:t,6 

1.8C5 

50 

23   I 

1.90 

22.3 

l.l>8 

225 

22,4 

1.96 

:ijO 

22  :f 

1.97 

■IM 

22.2 

1,98 

21.2 

2  05 

firio 

1<J.6 

2.20 

Fig.  13.      Vertk-Bl  Dlatril 


n  Curve  Without  Reflector, 


The  Tungsten  Lamp.  Following  closely  upon  the  development 
of  the  tantalum  lamp  came  the  tungsten  lamp.  Tungsten  possesses 
a  very  high  melting  point  and  an  indirect  method  is  employed  in 
forming  filaments  for  incandescent  lamps.  There  are  several  of  these 
methods  in  use.  In  one  method  a  fine  carbon  filament  is  flashed  in 
an  atmosphere  of  tungsten  oxychloride  mixed  with  just  the  proper 
proportion  of  hydrogen,  in  which  case  the  filament  gradually  changes 
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to  one  of  tungsten.  A  second  method  consists  of  the  use  of  powdered 
tungsten  and  some  binding  material,  sometimes  organic  and  in  other 
cases  metallic.  The  powdered  tungsten  is  mixed  with  the  binding 
material,  the  paste  squirted  into  filaments,  and  the  binding  material  is 
then  expelled,  usually  by  the  aid  of  heat.  Another  method  of  manu- 
facture consists  of  securing  tungsten  in  colloidal  form,  squirting  it 


into  filaments,  and  then  changing  them  to  the  metallic  form  by  passing 
electric  current  through  the  filaments. 

The  tungsten  lamp  has  the  highest  efficiency  of  any  of  the  com- 
mercial forms  of  metallic  filament  lamps  now  in  use,  about  1.25  watts 
per  candle-power  when  operated  so  as  to  give  a  normal  life,  and  lamps 
for  llO-volt  service  and  consuming  but  40  watts  have  recently  been 
put  on  the  market.  A  25-watt  lamp  for  this  same  voltage  appears  to 
be  a  possibility.  The  units  introduced  at  first  were  of  high  candle- 
power  because  of  the  difficulty  of  manufacturing  the  slender  filaments 
required  for  the  low  candle-power  lamps. 
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The  advantages  of  these  metals,  tantalum  and  tungsten,  for 
incandescent  lamps  are  in  the  improved  efficiency  of  the  lamps  anti 
the  good  quality  of  the  light,  white  or  nearly  white  in  both  cases. 
In  either  case  the  change  in  candle-power  with  change  in  voltage  is 
less  than  the  corresponding  change  in  an  ordinary  carbon  lamp.  Tlie 
disadvantage  lies  in  the  fact  that  the  filaments  must  be  made  long  and 
slender,  and  hence  are  fragile,  for  low  candle-power  units  to  be  used 


FIb.  18.    Hultlirie  Tungsten  Lamp.  Fl?.  I  e.     Series  Tungwen  Lamp. 

on  commercial  voltages.  In  some  cases  tungsten  lamps  are  con- 
structed for  lower  voltages  and  are  used  on  commercial  circuits  through 
the  agency  of  small  step-down  transformers.  Improvements  in  the 
process  of  manufacture  of  filaments  and  of  the  method  of  their  sup- 
port have  resulted  in  the  construction  of  110-volt  lamps  for  candle- 
powers  lower  than  was  once  thought  possible.  Figs.  15  and  16  show 
the  appearance  of  the  tungsten  lamp,  and  Figs.  17  and  18  give  some 
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typical  distribution  curves.     Tables  V  and  VI  give  data  on  tins  lamp 
as  it  is  manufactured  at  present.     One  very  considerable  application 


of  the  tungsten  lamp  is  to  incandescent  -street  lighting  on  series  eir- 
enits,  in  wlii<-li  ea.se  (lie  lamp  may  Ik;  made  for  a  low  voltage  acros.s 
its  terminals  and  the  filament  may  lie  made  comparatively  short  and 


heavy.     The  tungsten  lamp  is  also  being  intro<hiced  as  a  low  voltage 
battery  lamp. 

The  Just  lamp,  (he  Z  lamp,  the  Osram  lamp,  the  Zircon-Wolfram 
lamp,  the  Osmin  lamp,  etc.,  are  all  tungsten  lamps,  the  filaments 
being  prepared  by  some  of  the  general  methods  already  described  or 
modifications  of  them. 
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TABLE    V 
Tungsten  Lamps 

MTLTIPLE 


Watts 


VtU.TH 


40 
(K) 


100 


125 


Candle- 

POWEH 


82 
40 


Watth 

PKR 

c.  p. 


1  25 
1 .  25 


Tip  Candlk 
Power 


o 
5  6 


Spherical 

Reduction 

Factor 


76.3 
76.3 


TABLE  VI 
Tunjcsten  Lamps 

SERIES 


Ampf.hes 


4 

5.5 
6.0 
7 .5 


j               Volts 

Candle-Power 

\\  atts  plr  C.  p. 

13  5       • 

40 

1.35 

20  25 

00 

OH 

40 

1.35 

1               14.7 

60 

S  2 

40 

1  35 

!               12  3 

60 

:          7  2 

40 

1.35 

lf).S 

60 

The  Osmium  Lamp.  Very  efficient  incandescent  lamps  have 
been  constructed  using  osmium  for  the  filament.  An  indirect  method 
is  resorted  to  in  the  formation  of  these  filaments.  Osmium  lamps 
have  not  been  successful  for  commercial  voltages  because  the  fila- 
ment is  too  fragile  if  it  is  made  to  have  a  high  resistance,  so  these 
lamps  must  be  operated  in  series  or  through  the  agency  of  reducing 
transformers  if  they  are  to  be  applied  to  110-volt  circuits.  At  25 
volts,  lamps  are  constructed  giving  an  efficiency  of  about  1.5  watts  per 
candle-power  with  a  life  comparable  to  that  of  a  3.5-watt  carbon  lamp. 
Owing  to  the  introduction  of  the  tungsten  lamp,  the  osmium  lamp 
will  probably  never  be  used  to  any  great  extent. 

Other  Metallic  Filament  Lamps.  Table  VII  gives  the  melting 
points  of  several  metals  which  are  highly  refractory  and  those  already 
mentioned  are  not  the  only  ones  which  have  been  successfully  used 
in  incandescent  lamps.  Titanium,  zirconium,  iridium,  etc.,  have 
been  successfully  employed,  but  the  tantalum  and  tungsten  lamps  are 
the  only  ones  which  are  used  to  any  extent  in  the  United  States. 
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TABLE  VII 
Melting  Point  of  Some  Metals 


Met.l 

i.t  DkqheesC. 

PorNT 

Tunplen 

30SO-32OO 

3000 

2900 

Osmium 

I'latinum 

1500 

Silicon 

Curbon  (not  a  metal) 

3000 

The  Helion  Lamp.  The  helion  lamp,  which  gives  considerable 
promise  of  commercial  development,  is  a  compromise  between  the 
carbon  lamp  and  the  metallic  61ament  lamp.  A  slender  filament  of 
carbon  is  flashed  in  a  compound  of  silicon  (gaseous  stale)  and  a  fila- 
ment composed  of  a  carbon  core  more  or 
less  impregnated  with  silicon  and  coated 
with  a  metallic  layer  is  formed.  The 
emissivity.of  such  a  filament  is  high,  the 
light  is  white  in  color,  and  the  filament  is 
strong.  The  efficiency  of  the  helion  fila- 
ment as  far  as  it  has  been  developed  is 
higher  than  that  of  a  carbon  filament 
when  operated  at  the  same  temperature. 
At  1,500  degrees  C.  the  efficiency  of  the 
helion  filament  is  2.15  watts  per  candle- 
power,  while  for  a  carbon  filament  it  is 
about  3.5  watts  per  candle-power.  Fila- 
ments of  this  type  have  been  made  which 
may  be  heated  to  incandescence  in  open 
air  without  immediate  destruction.  This 
lamp  is  not  yet  on  the  market. 

The  Nemst  Lamp.    The  Nemst  lamp 
is  still    another    form    of   incandescent 

lamp,  several  types  of  which  are  shown  in  Figs.  19,  20,  21,  and  22, 
This  lamp  uses  for  the  incandescent  material  certain  oxides  of  the 
rare  eartlis,  the  oxides  being  mixed  in  the  form  of  a  paste,  then 
squirted  through  a  die  into  a  string  which  is  subjected  to  a  roast- 
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ing  process  forming  the  filament  or  glower  material  of  the  lamp  as 
represented  by  the  lower  white  line  in  Fig.  23.  The  more  recent 
glowers  are  made  hollow  instead  of  solid.    The  glowers  are  cut  to 

the  desired  length  and  platinum  ter- 
minals attached.  The  attachment 
of  these  terminals  to  the  glowers  is 
an  important  process  in  the  manu- 
facture of  the  lamp.  The  recent 
discovery  of  additional  oxides  has 
led  to  the  construction  of  glowers 
which  show  a  considerable  gain  in 
efficiency  over  those  previously  used. 
The  glowers  are  heated  to  incan- 
descence in  open  air,  a  vacuum  not 
being  required. 

As  the  glower  is  a  non-conductor 
when  cold,  some  form  of  heater  is 
necessary  to  bring  it  up  to  a  tem- 
perature at  which  it  will  conduct. 
Two  forms  of  heater  have  l)een 
used.  One  of  them  consists  of  a 
porcelain  tube  shown  just  above 
the  glower,  Fig.  23,  about  which  a 
fine  platinum  wire  is  wound;  the 
wire  is  in  turn  coated  with  a  cement. 
Two  or  more  of  these  tubes  are 
mounted  directly  over  the  glower,  or 
glowers,  and  serve  as  a  reflector 
as  well  as  a  heater.  The  second 
form  of  heater  consists  of  a  slender 
rod  of  refractory  material  about 
which  a  platinum  wire  is  wound, 
the  wire  again  being  covered  with 
a  cement.  This  rod  is  then  formed  into  a  spiral  which  surrounds  the 
glower  in  the  vertical  glower  type,  or  is  formed  into  the  wafer  heater. 
Fig.  24,  now  universally  employed  in  the  Westinghouse  Nemst  lamp 
with  horizontal  glowers.  The  wafer  heater  is  bent  so  that  it  can  be 
mounted  with  several  sections  parallel  to  the  glower  or  glowers. 


Fig.  20.      Sectional  View  of  Multiple- 
Glower  Westinghouse  Nemst  Lamp. 
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The  heating  device  is  connected  across  the  circuit  when  the  lamp 
is  first  turned  on,  and  it  must  be  cut  out  of  circuit  after  the  glowers 
become  conductors  in  order  to  save  the  energy  consumed  by  the 


Fig.  21.     SectloDBl  Vlevsol  Single-Glower  Westioghouse  Ncmst  lamp. 

heater  and  to  prolong  the  life  of  the  heater.     The  automatic  cvi-out 
is  operated  by  means  of  an  electromagnet  so  arranged  tha,t  current 
flows  through  this  magnet  as  soon  as  the  glower  becomes  a  conductor, 
and  contacts  in  the  healer  circuit 
are  opened  by  this  magnet.    The 
contacts   in   the  heater  circuit  are 
kept  normally  closed,  usually  by  the 
force  of  gravity. 

The  conductivity  of  the  glower 
increases  with  the  increase  of  tem- 
perature— the  material  has  a  nega- 
tive temperature  coefficient — hence 
if  it  were  used  on  a  constant  poten- 
tial circ'uit  directly,  the  current 
and    temperature    would    continue 

to   ri.se   until   the   e-lower   was  de- 

„  "         ,  .     Fig.  22.    ttesunghouse  NerDBl  Screw 

stroyed.     lo  prevent   the  cunent  Burner. 
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from  increasing  beyond  the  desired  value,  a  ballast  resistance  is 

used  in  series  with  the  glower.     As  is  well  known,  the  resistance  of 

iron  wire  increases  quite  rapidly  with  increase  in  temperature,  and 

the  resistance  of  a  fine  pure  iron  wire 

is  so  adjusted  that  the  resistance  of  the 

combined  circuit  of  the  glower  and  the 

ballast  becomes  constant  at  the  desired 

temperature  of  the  glower.     The  iron 

wire  must  be  protected  from  the  air 

to  prevent  oxidization  and  too  rapid 

temperature   changes,   and,    for    this 

reason,  it  is  mounted  in  a  glass  bulb 

filled  with  hydrogen.      Hydrogen  has 

been  selected  for  this  purpose  because 

Fi(t-  ■i'-i.    westiDBhouse  Nertisi  St  ren   it  IS  an  inert  gas  and  conducts  the  heat 

""^hor^  GiowJ'l^''^'       f'o™   "^«   ''a"ast  to   the  walls  of  the 

Tubular  Heater.  bulb  better  than   other  gases   which 

might  be  used. 

All  of  the  parts  enumerated,  namely,  glower,  heater,  cut-out,  and 

ballast,  are  mounted  in  a  suitable  manner;  the  smaller  lamps  have  but 

one  glower  and  are  arranged  to  fit  in  an  incandescent  lamp  socket, 

while  the  larger  types  are  constructed  at  present  with  four  glowers 


Fig,  24.    Water  Heater  and  Mountius. 


and  are  arranged  to  be  supported  in  special  fixtures,  or  the  same  as 
small  arc  lamps.  A!!  parts  are  mechanically  arranged  so  that  renew- 
als may  be  easily  made  when  necessary  and  it  is  not  possible  to  insert 
a  part  belonging  to  one  type  of  lamp  into  a  lamp  of  a  different  type. 
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The  advantages  claimed  for  the  Nernsl  lamp  are:  High  effi- 
ciency; a  good  color  of  light;  a  good  distrihutinn  of  light  without  the 
use  of  reflectors;  a  long  life  with  low  cost  of  maintenance;  and  a 
complete    series   of  sizes  of  units, 
thus  allowing  its  adaption  to  prac- 
tically all  classes  of  illumination. 

Tlie  lamp  is  constructed  for 
both  direct-  and  alternating-current 
service  and  for  110  and  220  volts. 
^Vhen  the  alternating-current  lamp 
i.s  used  on  a  110-volt  circuit  a  small 
transformer,  commonly  called  a 
cm)v<rrlcr  coil.  Fig,  25,  is  utilized  to 

raise  the  voltage  at  the  lamp  tcr-  ^^^  "=     f-«™rterCoii. 

niinals  to  ahout  220  volts. 

Data  on  the  Nernst  lamp  in  its  present  form  are  f;iven  in  Table 
VIII,  and  Figs.  26  and  27  show  the  form  of  distribution  curves. 

TABLE  VIII 
Oeneral  Data  on  the  Nernst  Lamp 


1  .t-Cilow. 


■ri 


Comparison  of  the  Different  Types  of  Incandescent  Lamps.    A 

<Urcct  comparison  of  the  different  types  of  incandescent  lamps  can- 
not l>e  maile  but  it  is  desirable  at  this  time  to  note  die  following  points: 
The  lumps  which  are  considered  comntenial  in  the  Tiiitetl  States 
!it  (lie  present  time  are  the  ciirboii,  gem.  lantahitn,  tungsten,  and 
Nernst  lamp.     The  efficiencies  ordinarily  act-eptcd  run  in  the  order 
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fl^'ven,  approximately  3.1,  2.5,  2,  L25,  and  1.2  watts  per  candle  respec- 
tively. The  figure  of  1.2  watts  per  candle  for  the  Nernst  lamp  is 
based  upon  the  mean  hemispherical  candle-power  and  it  should  not 
he  compared  dircetly  with  the  other  eflSciencies.  The  color  of  the 
light  in  all  of  the  above  cases  is  suitable  for  the  majority  of  classes  of 
illumination,  the  light  from  the  higher  eflSciency  units  being  some- 
what whiter  than  that  from  the  carbon  lamp.  All  of  these  lamps  are 
constructed  for  commercial  voltages  and  for  either  direct  or  alternating 
current.     The  use  of  the  tantalum  lamp  on  alternating  current  is  not 


60*  75*  so*  75*  CO* 

Fij,'.  26.     Distribution  Curve  of  1 32- Watt  Type  Westinghouse  Nemst  Lamp. 

Single  Glower. 


always  to  be  recommended  as  the  service  is  unsatisfactory  in  some 
cases.  The  minimum  size  of  units  for  110  volts  is  about  4  candle- 
powder  for  the  carbon  lamp,  20  candle-power  for  the  metallic  filament 
lamp,  and  50  candle-power  (mean  hemispherical)  for  the  Nernst 
lamp.  Some  of  the  metiillic  filament  lamps  are  constructed  for  a 
consumption  of  as  high  as  250  watts,  while  the  largest  size  of  the 
Nernst  lamp  uses  52S  watts.  The  light  distribution  of  any  of  the 
units  is  subject  to  considerable  variation  through  the  agency  of  re- 
flectors, but  the  Nernst  lamp  is  ordinarily  installed  without  a  reflec- 
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tor.  Practically  all  of  the  other  units  of  high  candle-power  use  re- 
flectors and  only  a  few  of  the  typical  curves  of  light  distribution  curves 
with  reflectors  have  been  shown  in  connection  with  the  description 
of  the  lamps.  The  life  of  all  of  the  commercial  lamps  described  is 
considered  as  satisfactory.  The  minimum  life  is  seldom  less  than 
500  hours  and  the  useful  life  is  generally  between  500  and  1,000  hours. 
On  account  of  the  slender  filaments  employed  in  the  metallic  filament 
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Fig.  27.     Distribution  of  Light  from  Multiple-Glower  Westinghouse  Nernst  Lamps  with 

8'  Clear  Globes.     No.  1.  2  Glower:  No.  2.  3  Glower;  No.  3,  4  Glower. 

lamps  they  are  not  made  for  low  candle-powers  at  commercial  vol- 
tages. The  introduction  of  transformers  for  the  purpose  of  changing 
the  circuit  voltage  to  one  suitable  for  low  candle-power  units  has  not 
become  at  all  general  as  yet  in  this  country. 

SPECIAL    LAMPS 

The  Mercury  Vapor  Lamp.  The  mercury  vapor  lamp  in  this 
country  is  put  on  the  market  by  the  Cooper-Hewitt  Electric  Company 
and  it  is  being  used  to  a  considerable  extent  for  industrial  illumination. 
In  this  lamp  mercury  vapor,  rendered  incandescent  by  the  passage 
of  an  electric  current  through  it,  is  the  source  of  light.  In  its  standard 
form  this  lamp  consists  of  a  long  glass  tube  from  which  the  air  has 
been  carefully  exhausted,  and  which  contains  a  small  amount  of 
metallic  mercury.    The  mercury  is  held  in  a  large  bulb  at  one  end  of 


355 


28  ELECTRIC  LIGHTING 


the  tube  and  forms  the  negative  electrode  in  the  direct-current  lamp. 
The  other  electrode  is  formed  by  an  iron  cup  and  the  connections 
between  the  lamp  terminals  and  the  electrodes  are  of  platinum  where 
this  connection  passes  through  the  glass.     Fig.  28  gives  the  general 
appearance  of  a  standard  lamp  having  the  following  specifications: 
Total  watts  (110  volts,  3.5  amperes)  =  385 
Candle-power  (M.  H.  with  reflector)  =  700 
Watts  per  candle  =  0.55 
Length  of  tulxj,  total  =  55  in. 
Length  of  light-giving  section  =  45  in. 
Diameter  of  tube  =»  1  in. 

Height  from  lowest  point  of  lamp  to  ceiling  plate  =  22  in. 
For  220-volt  service  two  lamps  are  connected  in  series. 
The  mercury  vapor,  at  the  start,  may  be  formed  in  two  ways: 
First,  the  lamp  may  be  tipped  so  that  a  stream  of  mercury  makes 

contact  between  the  two  elec- 
trodes and  mercury  is  vaporized 
when  the  stream  breaks.  Second, 
by  means  of  a  high  inductance 
and  a  quick  break  switch,  a  very 
high  voltage  sufficient  to  pass  a 
current  from  one  electrode  to  the 

Fig.  28.    Cooper-Hewitt  Mercury  Vapor       ^^j^^^.  ^j^^^^^g^  ^j^^  vaCUUm,  is  in- 

duced  and  the  conducting  vapor 
is  formed.  The  tilting  method  of  starting  is  preferred  and  this 
tilting  is  brought  about  automatically  in  the  more  recent  types  of 
lamp  Fig.  29  shows  the  connections  for  automatically  starting  two 
lamps  in  series.  A  steadying  resistance  and  reactance  are  connected 
as  shown  in  this  figure. 

The  mercury  vapor  lamp  is  constructed  in  rather  large  units, 
the  55-volt,  3.5-ampere  lamp  being  the  smallest  standard  size.  The 
color  of  the  light  emitted  is  objectionable  for  some  purposes  as  there 
is  an  entire  absence  of  red  rays  and  the  light  is  practically  monochro- 
matic. The  illumination  from  this  type  of  lamp  is  excellent  where 
sharp  contrast  or  minute  detail  is  to  be  brought  out,  and  this  fact 
has  led  to  its  introduction  for  such  classes  of  lighting  as  silk  mills  and 
cotton  mills.  On  account  of  its  color  the  application  of  this  lamp  is 
limited  to  the  lighting  of  shops,  offices,  and  drafting  rooms,  or  to  dis«- 
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play  windows  where  the  goods  shown  will  not  be  changed  in  appear- 
ance by  the  color  of  the  light.  It  is  used  to  a  considerable  extent  in 
photographic  work  on  account  of  the  actinic  properties  of  the  light. 
Special  reactances  must  be  provided  for  a  mercury  arc  lamp  operating 
on  single-phase,  alternating-current  circuits. 

The  Moore  Tube  Light.  The  Moore  light  makes  use  of  the 
familiar  Gtisslcr  tube  discharge — discharge  of  electricity  through  a 
vacuum  IuIk.- — as  a  source  of  illumination.  The  practical  application 
of  this  discharge  to  a  system  of  lighting  has  involved  a  large  amount 


Fig.  29.     Wiring  Dlagrun.    Two  H  Automatic  Lamps  in  Series. 

of  consistent  research  on  the  part  of  the  inventor  and  it  has  now  been 
brought  to  such  a  stage  that  several  installations  have  been  made. 
The  system  has  many  interesting  features. 

In  the  normal  method  of  installation,  a  glass  tube  1 J  inches  in 
diameter  is  made  up  by  connecting  standard  lengths  of  glass  tubing 
together  until  the  total  desired  length  is  reached,  and  this  continuous 
tube,  which  forms  the  source  of  light  when  in  operation,  is  mounted 
in  the  desired  position  with  respect  to  the  plane  of  iltumhiation.  In 
many  cases  the  tube  forms  a  lai^e  rectangle  mounted  just  beneath 
the  ccilinji  of  the  room  to  be  lightctl.  The  lube  may  Ix'  of  any  reason- 
able length,  actual  values  running  from  40  to  220  feet.     In  order  to 
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pn>vi(k-  an  clectricul  disi.'harge  through  this  tube  it  is  customary  to 
Icatl  both  ends  of  the  tube  to  the  high  tension  terminals  of  a  trans- 
former, the  low  tension  side  of  which  may  be  connected  to  the  alter- 
nating-current lighting  mains.  This  transformer  is  constructed  so 
that  the  high  tension  terminals  are  not  expased  and  the  current  is 
led  into  the  tube  by  means  of  platinum  wires  attached  to  carbon 
electrodes.  The  electrodes  are  alH»ut  eight  inches  in  length.  The 
ends  of  tlic  tube  and  the  high  tension  terminals  are  enclosed  in  a  sleet 
easing  so  as  to  effectually  prevent  anything  from  coming  in  contact 
with  the  high  potential  of  the  system.     As  stated,  the  low  tension  side 

of  the  trans- 
former is  con- 
nected   to   the 
iisual   60-eyele 
lighting     mains. 
If  direct  current 
ribution,  a  motor- 
)r  furnishing  alter- 
to  the  primary  of 
is  required.    Any 
1  60  cycles  up  is 
operation  of  these 
r  frequencies  there 
Fig.  30.     Diagram    Showing    Essential     [s  Some  appreciable  variation  of 

FeiHuresotlhaMooreLlBht.      1.  Light-  -       ,,    ,.        ^.^    a        f\  .L        j 

Ing   T,il,e:    2.    Tranrformer    Case;  the  light  emitted.       One  other  de- 

3.  LampTennlnala:    4.  Trans-  yj^g  jg  necessary  for   the  Sultablo 

Operation  of  this  fonn  of  light  antj 
this  is  known  as  the  reguiator.  In  order  to  maintain  a  constant  pres- 
sure inside  the  tube,  and  such  a  constant  pressure  is  necessary  for 
its  satisfactory  operation,  there  must  be  some  automatic  device  which 
will  allow  a  small  amount  of  gas  to  enter  the  tube  at  intervals  while 
it  is  in  operation.  The  regulator  accomplishes  this  purpose.  Fig. 
30  shows  a  diagram  of  the  very  simple  connections  of  the  system  and 
gives  the  relative  positions  occupied  by  the  transformer,  tuW,  and  regu- 
lator. Fig.  31  gives  an  enlarged  view  of  the  regulator,  a  description 
of  which  and  its  methiMl  of  operation  is  given  as  follows: 

A  piece  of  j-inch  glusD  tubing  is  supportcil  vertically  and  ils  boltora  end 
is  contracted  into  a  ^-incli  glaaa  lube  which  cKtcnils  to  the  main  lighting  tube. 
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At  the  point  of  contraction  at  the  bottom  of  the  J-iiich  tube  thpro  is  scaled 
by  means  of  cement  a  J-inch  carbon  plug,  the  porosity  of  wliieh  Ls  not  great 
enough  lo  allow  mercury  to  percolate  through  it  but  which  will  permit  gases 
easily  to  pass,  due  to  the  high  vacuum  of  the 
lighting  tube  connected  to  the  lower  end  of  the 
plug,  and  approximately  atmospheric  pressure 
above  it.  This  carbon  plug  is  normally  com- 
pletely covered  with  what  would  correspond  to 
a  thimbleful  of  mercury  which  simply  seals  the 
pores  of  the  carbon  plug,  and  therefore  has 
nothing  whatever  to  do  with  the  conducting 
properties  of  the  gas  in  the  mam  tube  which 
produces  the  light.  Partly  immersed  in  the 
mercury  and  concentric  with  the  carbon  plug, 
is  another  smaller  and  movable  glass  tube,  the 
upper  end  of  which  is  filled  with  soft  iron  wire, 
which  acts  as  the  core  of  a  small  solenoid  con- 
nected  in  scries  with  the  transformer.  The 
action  of  the  solenoid  is  to  lift  the  concentric 
glass  tube  partly  out  of  the  mercury,  the  sur- 
face of  which  falls  and  thereby  causes  the 
minute  tip  of  the  conical  shaped  carbon  plug 
to  be  slightly  exposed  for  a  second  or  two. 

This  exposure  is  sufficient  to  allow 
a  small  amount  of  gas  to  enter  the  tube, 
the  eurrent  increases  slightly,  anil  (he 
carbon  plug  is  again  sealed.  The  procc.s.s 
above  de.scribe<!  takes  place  at  intervals 
of  about  one  minute  when  the  tube  is  in 
operation. 

The  color  of  the  light  emitted  by  the 
tulie  depends  upon  the  gas  used  in  it. 
The  regulator  is  fitted  with  some  chem- 
ical arrangement  whereby  the  proper  gas 
h  admitted  to  it  when  the  tube  is  in  opera- 
tion. Nitrogen  is  employed  when  the  tube 
gives  the  higlicst  efficiency  and  the  light 
emitted  when  this  gas  is  used  is  vellowish 

,  .-       .  -    1  '  Fig.31.     RegiilntlneVnl^-e. 

m  color.     Air  gives  a  pmk  appearance  to 

the  tube  and  carbon  dioxide  is  employed  when  a  white  light  is  desired. 
Table  IX  gives  general  data  on  the  Moore  tube  light.     The 
advantages  claimed  for  this  light  are:  High  efficiency,  good  color,  and 
low  intrinsic  brilliancy. 
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TABLE  IX 
Data  on  the  Moore  Tube  Ught 


'tZI"  "" 

^i^r,r.".r" 

PowKR  Factor 
oi-  Circuit 

VOLTAOK    AT  LaHP  TkRUINALS 

40-70  fi. 

SO-12.')  " 
130- ISO" 
190-220  " 

2       kw. 

2.7,)  " 
.T.5     " 
4,5     " 

65-84% 

3,146  for  40-tt.  tube,    at 

12hefnor«j-CTft. 

12,441  for  220-ft.  tube,  at 
12hefncrBperft, 

l-TOMure  In  tube,  about  A  m.m. 

Walls  per  tiefaor.  3.2  for    20-Ioot  tube  IncliHliiUc  trknarormer. 
Watla  per  hefner.  1.4  for  lRO-(ooHutie  IncludinK  tran»to-mer, 
Hefner  per  toot,  normal.  IZ, 

in 


ARC  LAMPS 

The  Electric  Arc.  Siippase  two  carbon  rods  are  connected  in 
an  electric  circuit,  and  the  circuit  closed  by  touching  the  tips  of  these 
n»is  together;  on  .separating  the  earlKins  again  the  cin'uit  will  not 
Ik-  broken,  provided  the  space  between  the  carl)ons  be  not  too  great, 
but  will  be  maintained  through  the  arc 
formed  at  these  points.  Thb  phenom- 
:■}.;.  enon,  which  is  the  basis  of  the  arc 
:;.■-; .  light,  was  first  observed  on  a  large  scale 
.'v.  ^y  S'l"  Humphrey  Davy,  who  used  a 
■■■,  battery  of  2,000  cells  and  produced  an 
arc  between  charcoal  points  four  inches 
apart. 

■•,: -^^  :-y-  As  the  incandescence  of  the  carbons 

■^-  across  which  an  arc  is  maintained,  to- 

'.'.:  gether  with  the  arc  itself,  forms  the 

source  of  light  for  a  large  portion  of  arc 

Tig.  32.      The  Electric  Arc  between    l^^ipg      ^    ^jH    be    well     tO    Studv    the 

Carbon  Tennlnals.  ,  - 

nature  of  the  arc.  Fig.  32  shows  the 
general  appearance  of  an  arc  between  two  carbon  electrodes  when 
muinlained  bv  dirt'ct  current. 
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Here  the  current  is  assumed  as  passing  from  the  top  carbon  to 
the  bottom  one  as  indicated  by  the  arrow  and  signs.  We  find,  in  the 
direct-current  arc,  that  the  most  of  the  light  issues  from  the  tip  of  the 
positive  carbon,  or  electrode,  and  this  portion  is  known  as  the  crater 
of  the  arc.  This  crater  has  a  temperature  of  from  3,000^  to  3,500°  C, 
the  temperature  at  which  the  carbon  vaporizes,  and  gives  fully  80  to 
85%  of  the  light  furnished  by  the  arc.  The  negative  carbon  becomes 
pointed  at  the  same  time  thai  the  positive  one  is  hollowed  out  to  form 
the  crater,  and  it  is  also  incandescent  but  not  to  as  great  a  degree  as 
the  positive  carbon.  Between  the  electrodes  there  is  a  band  of  violet 
light,  the  arc  proper,  and  this 
is  surrounded  by  a  luminous 
zone  of  a  golden  yellow  color. 
The  arc  proper  does  not  fur- 
nish more  than  5%  of  the  light 
emitted  when  pure  carbon 
electrodes  are  used. 

The  carbons  are  worn 
away  or  consumed  by  the 
passage  of  the  current,  the 
positive  carbon  being  con- 
sumed about  twice  as  rapidly 
as  the  negative. 

The  light  distribution 
curve  of  a  direct-current  arc, 
taken  in  a  vertical  plane,  is 
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Fig.  33. 


Distribution  Curve  for  D.  C  Arc 
Lftinp  (Vertical  Plane). 


showTi  in  Fig.  33.  Here  it  is  seen  that  the  maximum  amount  of  light 
is  given  off  at  an  angle  of  about  50°  from  the  vertical,  the  negative 
carbon  shutting  off  the  rays  of  light  that  are  throw^n  directly  down- 
ward from  the  crater. 

If  alternating  current  is  used,  the  upper  carbon  becomes  positive 
and  negative  alternately,  and  there  is  no  chance  for  a  crater  to  be 
formed,  both  carbons  giving  off  the  same  amount  of  light  and  being 
consumed  at  about  the  same  rate.  The  light  distribution  curve  of 
an  alternating-current  arc  is  shown  in  Fig.  34. 

Arc-Lamp  Mechanisms.  In  a  practical  lamp  we  must  have  not 
only  a  pair  of  carbons  for  producing  the  arc,  but  also  means  for  sup- 
porting these  carbons,  together  with  suitable  arrangements  for  leading 
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the  current  to  them  and  for  maintaining  them  at  the  proper  distance 
apart.  The  carbons  are  kept  separated  the  proper  distance  by  the 
operating  mechanisms  which  must  perform  the  following  functions: 

1.  The  carbons  must  be  in  contact,  or  be  brought  into  contact,  to  start 
the  arc  when  the  current  first  flows. 

2.  They  must  be  separated  at  the  right  distance  to  form  a  proper  arc 
immediately  afterward. 


FIr.  34.     Distribution  Curve  for  A.  C.  Arc  Lamp  (Vertical  Plane). 

3.  The  carbons  must  be  fed  to  the  arc  as  they  are  consumed. 

4.  The  circuit  should  be  open  or  closed  when  the  carbons  are  entirely 
consumed,  depending  on  the  method  of  power  distribution. 

The  feeding  of  the  carbons  may  be  done  by  hand,  as  is  the  case 
in  some  stereopticons  using  an  arc,  but  for  ordinary  illumination  the 
striking  and  maintaining  of  the  arc  must  be  automatic.  It  is  made 
so  in  all  cases  by  means  of  solenoids  acting  against  the  force  of  gravity 
or  against  springs.    There  are  an  endless  number  of  such  mechanisms, 
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but  a  few  only  will  be  described  here.     They  may  be  roughly  divided 
into  three  classes: 

1.  Shunt  mechanisms. 

2.  Series  mechanisms. 

3.  Differential  mechanisms. 

Shunt  MechanisTos,  In  shunt  lamps,  the  carbons  are  held  apart 
before  the  current  is  turned  on,  and  the  circuit  is  closed  thro?igh  a 
solenoid  connected  in  across  the  . 
gap  so  formed.  All  of  the  cur- 
rent must  pass  through  this  coil 
at  first,  and  the  plunger  of  the 
solenoid  is  arranged  to  draw  the 
carbons  together,  thus  starting 
the  arc.  The  pull  of  the  solenoid 
and  that  of  the  springs  are  ad- 
justed to  maintain  the  arc  at  its 
proper  length. 

Such  lamps  have  the  disad- 
vantage of  a  high  resistance  at 
the  start— 450  ohms  or  more — 
and  are  difficult  to  start  on  series 
circuits,  due  to  the  high  voltage 
required.  They  tend  to  maintain 
a  constant  voltage  at  the  arc,  but 
do  not  aid  the  dynamo  in  its 
regulation,  so  that  the  arcs  are 
liable  to  be  a  little  unsteady. 

Series  Mechanisms.  With 
the  series-lamp  mechanism,  the 
carbons  are  together  when  the  lamp  is  first  started  and  the  current, 
flowing  in  the  series  coil,  separates  the  electrodes,  striking  the  arc. 
^^^len  the  arc  is  too  long,  the  resistance  is  increased  and  the  current 
lowered  so  that  the  pull  of  the  solenoid  is  weakened  and  the  carbons 
feed  together.  This  type  of  lamp  can  be  used  only  on  constant- 
potential  systems. 

Fig.  35  shows  a  diagram  of  the  connection  of  such  a  lamp.  This 
diagram  is  illustrative  of  the  connection  of  one  of  the  lamps  manu- 
factured by  the  Western  Electric  Company,  for  use  on  a  direct-current. 


Fig.  36.    Series  Mechanism  for  D.  O. 
Arc  Lamp. 
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constant-potential  system.  The  symbols  +  and  -  refer  to  the  termi- 
nals of  the  lamp,  and  the  lamp  must  be  so  connected  that  the  current 
flows  from  the  top  carbon  to  the  bottom  one.  iJ  is  a  series  resistance, 
adjustable  for  different  voltages  by  means  of  the  shunt  G.  F  and  D 
are  the  controlling  solenoids  connected  in  series  with  the  arc.  B  and 
C  are  the  positive  and  negative  carbons  respectively,  while  A  is  the 
switch  for  turning  the  current  on  and  off.     H  is  the  plunger  of  the 

solenoids  and  /  the  carbon  clutch, 
this  being  what  is  known  as  a 
carbon-feed  lamp.  The  carbons 
are  together  when  A  is  first  closed, 
the  current  is  excessive,  and  the 
plunger  is  drawn  up  into  the  so- 
lenoids, lifting  the  carbon  B  until 
the  resistance  of  the  arc  lowers  the 
current  to  such  a  value  that  the 
pull  of  the  solenoid  just  counter- 
balances the  weight  of  the  plunger 
and  carbon.  0  must  be  so  adjusted 
that  this  point  is  reached  when  the 
arc  is  at  its  normal  length. 

Differential  Mechanisms.  In 
the  differential  lamp,  the  series  and 
shunt  mechanisms  are  combined, 
the  carbons  being  together  at  the 
start,  and  the  series  coil  arranged 
so  as  to  separate  them  while  the 
shunt  coil  is  connected  across  the 
arc,  as  before,  to  prevent  the  carbons  from  being  drawn  too  far  apart. 
This  lamp  operates  only  over  a  low-current  range,  but  it  tends  to  aid 
the  generator  in  its  regulation. 

Fig.  36  shows  a  lamp  having  a  differential  control,  this  also  being 
the  diagram  of  a  Western  Electric  Company  arc  lamp  for  a  direct- 
current,  constant-potential  system.  Here  S  represents  the  shunt  coil 
and  M  the  series  coil,  the  armature  of  the  two  magnets  A  and  A'  being 
attached  to  a  bell-crank,  pivoted  at  B,  and  attached  to  the  carbon 
clutch  C.  The  pull  of  coil  S  tends  to  lower  the  carbon  while  that  of 
M  raises  the  carbon,  and  the  two  are  so  adjusted  that  equilibrium  is 


Fig.  36. 


DiflTerential  Mechanism  for 
D.  C.  Arc  Lamp. 
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reached  wlien  the  arc  is  of  the  proper  length.  All  of  flie  lamps  arc 
fitted  with  an  air  dashpot,  or  some  damping  <  lev  ice,  to  prevent  too 
rapid  movements  of  the  working  parts. 

The  mctho(]s  of  supporting  the  carbons  and  feeding  them  to 
the  arc  may  be  divided  into  two  classes: 


T=^ 


Rod-Feed  Mechanism. 
Lamps  using  a  rod  feed  have 
the  upper  carbons  supported 
by  a  conducting  rod,  and  the 
regulating  mechanism  acts  on 
this  rod,  the  current  being  fed 
to  the  rod  by  means  of  a  sliding 
contact.  Fig.  37  shows  the  ar- 
rangement of  this  tvpe  of  feed. 
The  rod  is  shown  at  R,  the 
sliding  contact  at  B,  and  the 
carbon  is  attached  to  the  rod 
ate. 

These  lamps  have  the  ad- 
vantage that  carbons,  which 
do  not  have  a  uniform  cross- 
.section  or  smooth  exterior,  may 
be  used,  but  they  posses,?  the 
disadvantage  of  being  very 
long  in  order  to  accommodate 
the  rod.  The  rod  must  also  be 
kept  clean  so  as  to  make  a 
good  contact  with  the  bmsli. 

Carbon-Feed  Mechanism.  In  carbon-feed  lamps  the  controlling 
mechanism  acts  on  the  carbons  directly  through  some  form  of  clutch 
such  as  is  shown  at  C  in  Fig,  38.  This  clamp  grips  the  carbon  when 
it  is  lifted,  but  allows  the  carbon  to  slip  through  it  when  the  tension 
is  released.  For  this  type  of  feed  the  carbon  must  be  straight  and 
liavc  a  uniform  cross-section  as  well  as  a  smooth  exterior.  The 
current  may  be  led  to  the  carbon  by  means  of  a  flexible  lca<l  and  a 
short  carbon  holder. 
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TYPES  OF  ARC  LAMPS 


Arc  lamps  are  coastructcd  to  operate  on  direct-current  or  alter- 
nating-current systems  when  cxinnected  in  series  or  in  mtdtiple.  They 
are  also  made  in  both  the  open  and  the  enclosed  forms. 

By  an  open  arc  is  meant  an  arc  lamp  in  which  the  arc  is  exposed 
to  the  atmosphere,  while  in  the  enclosed  arc  an  inner  or  enclosing 


Fig.  38.    Enclosed  Arc  Lamp  with  Carbon-Feed  Mechanism. 

globe  surrounds  the  arc,  and  this  globe  is  covered  with  a  cap  which 
renders  it  nearly  air-tight.  Fig.  38  is  a  good  example  of  an  enclosed 
arc  as  manufactured  by  the  General  Electric  Company. 

Direct-Current  Arcs.  Open  Types  of  Area  for  direct-current 
systems  were  the  first  to  be  used  to  any  great  extent.  When  used 
they  are  always  connected  in  series,  and  are  run  from  some  form  of 
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special  arc  machine,  a  description  of  which  may  be  found  in  **Typcs 
of  Dynamo  Electric  Machinery." 

Each  lamp  requires  in  the  neighborhood  of  50  volts  for  its  opera- 
tion, and,  since  the  lamps  are  connected  in  series,  the  voltage  of  the 
system  will  depend  on  the  number  of  lamps;  therefore,  the  number 
of  lamps  that  may  be  connected  to  one  machine  is  limited  by  the 
maximum  allowable  voltage  on  that  machine.  By  special  construction 
as  many  as  125  lamps  are  run  from  one  machine,  but  even  this  size 
of  generator  is  not  so  efficient  as  one  of  greater  capacity.  Such  gen- 
erators are  usually  wound  for  6.6  or  9.6  amperes.  Since  the  carbons 
are  exposed  to  the  air  at  the  arc,  they  are  rapidly  consumed,  requiring 
that  they  be  renewed  daily  for  this  type  of  lamp. 

Double-carbon  arcs.  In  order  to  increase  the  life  of  the  early 
form  of  arc  lamp  without  using  too  long  a  carbon,  the  double-carbon 
type  was  introduced.  This  type  uses  two  sets  of  carbons,  both  sets 
being  fed  by  one  mechanism  so  arranged  that  when  one  pair  of  the  elec- 
trodes is  consumed  the  other  is  put  into  service.  At  present  nearly 
all  forms  of  the  open  arc  lamp  have  disappeared  on  account  of  the 
better  service  rendered  by  the  enclosed  arc. 

Enclosed  arcs  for  series  systems  are  constructed  much  the  same 
as  the  open  lamp,  and  are  controlled  by  either  shunt  or  differential 
mechanism.  They  require  a  voltage  from  68  to  75  at  the  arc,  and  are 
usually  constructed  for  from  5  to  6.8  amperes.  They  also  require  a 
constant-current  generator  or  a  rectifier  outfit  if  used  on  alternating- 
current  circuits. 

Constant-potential  arcs  must  have  some  resistance  connected  in 
series  with  them  to  keep  the  voltage  at  the  arc  at  its  proper  value. 
This  resistance  is  made  adjustable  so  that  the  lamps  may  be  used  on 
any  circuit.  Its  location  is  clearly  shown  in  Fig.  38,  one  coil  being 
located  above,  the  other  below  the  operating  solenoids. 

Alternating-Current  Arcs.  These  do  not  differ  greatly  in  con- 
struction from  the  direct-current  arcs.  WTien  iron  or  other  metal 
parts  are  used  in  the  controlling  mechanism,  they  must  be  laminated 
or  so  constructed  as  to  keep  down  induced  or  eddy  currents  which 
might  be  set  up  in  them.  For  this  reason  the  metal  spools,  on  which 
the  solenoids  are  wound,  are  slotted  at  some  point  to  prevent  them 
from  forming  a  closed  secondary  to  the  primary  formed  by  the  solen- 
oid winding.    On  constant-potential  circuits  a  reactive  coil  is  used 
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in  place  of  a  part  of  the  resistance  for  cutting  down  the  voltage  at  the 


arc. 


Interchangeable  Arc,  Interchangeable  arcs  are  manufactured 
which  may  be  readily  adjusted  so  as  to  operate  on  either  direct  or 
alternating  current,  and  on  voltages  from  110  to  220.  Two  lamps 
may  be  run  in  series  on  220-volt  circuits. 

The  distribution  of  light,  and  the  resulting  illumination  for  the 
different  lamps  just  considered,  will  be  taken  up  later.  Aside  from 
the  distribution  and  quality  of  light,  the  enclosed  arc  has  the  advan- 
tage that  the  carbons  are  not  consumed  so  rapidly  as  in  the  open  lamp 
because  the  oxygen  is  soon  exhausted  from  the  inner  globe  and  the 
combustion  of  the  carbon  is  greatly  decreased.  They  will  burn 
from  80  to  100  hours  without  retrimming. 

TABLE  X 
Rating  of  Enclosed  Arcs 
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*Condition  of  no  outer  glo})e.     tOonditlon  with  shade  on  lamp.    H.U.  Hefner  Units. 

Rating  of  Arc  Lamps.      Open  arcs  have  been  classified  as 
follows : 
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Full  Arcs,  2,000  candle-power  taking  9.5  to  10  amps,  or  450-480  watts. 
Half  Arcs,  1,200  candle-power  taking  6.5  to  7  amps,  or  325-350  watts. 

These  candle-power  ratings  are  much  too  high,  and  run  more 
nearly  1,200  and  700,  respectively,  for  the  point  of  maximum  intensity 
and  less  than  this  if  the  mean  spherical  candle-power  be  taken.  For 
this  reason,  the  ampere  or  watt  rating  is  now  used  to  indicate  the 
power  of  the  lamp.  It  is  now  recommended  that  specifications  for 
street  lighting  should  be  based  upon  the  illumination  produced.  This 
point  is  considered  later  under  the  topic  of  street  lighting.  Enclosed 
arcs  use  from  3  to  6.5  amperes,  but  the  voltage  at  the  arc  is  higher 
than  for  the  open  lamp.  Table  X  gives  some  data  on  enclosed  arcs 
on  constant-potential  circuits. 

Efficiency.    The  eflSciency  of  arc  lamps  is  given  as  follows: 

Direct-Current  Arc  (enclosed)  2.9  watts  per  candle-power. 
Alternating-Current  Arc  (enclosed)  2.95  watts  per  candle-power. 
Direct-Current  Arc  (open)  .6-1.25  watts  per  candle-power. 

Carbons  for  Arc  Lamps.  Carbons  are  either  moulded  or  forced 
from  a  product  known  as  petroleum  coke  or  from  similar  materials 
such  as  lampblack.  The  material  is  thoroughly  dried  by  heating  to  a 
high  temperature,  then  ground  to  a  find  powder,  and  combined  with 
some  substance  such  as  pitch  which  binds  the  fine  particles  of  carbon 
together.  After  this  mixture  is  again  ground  it  is  ready  for  moulding. 
The  powder  is  put  in  steel  moulds  and  heated  until  it  takes  the  form 
of  a  paste,  when  the  necessary  pressure  is  applied  to  the  moulds.  For 
the  forced  carbons,  the  powder  is  formed  into  cylinders  which  are 
placed  in  machines  which  force  the  material  through  a  die  so  arranged 
as  to  give  the  desired  diameter.  The  forced  carbons  are  often  made 
with  a  core  of  some  special  material,  this  core  being  added  after  the 
carbon  proper  has  been  finished.  The  carbons,  whether  moulded 
or  forced,  must  be  carefully  baked  to  drive  off  all  volatile  matter. 
The  forced  carbon  is  always  more  uniform  in  quality  and  cross- 
section,  and  is  the  type  of  carbon  which  must  be  used  in  the  carbon- 
feed  lamp.  The  adding  of  a  core  of  a  different  material  seems  to 
change  the  quality  of  light,  and  being  more  readily  volatilized,  keeps 
the  arc  from  wandering. 

Plating  of  carbons  with  copper  is  sometimes  resorted  to  for 
moulded  forms  for  the  purpose  of  increasing  the  conductivity,  and, 
by  protecting  the  carbon  near  the  arc,  prolonging  the  life. 


369 


42 


FXECTRIC  LIGHTING 


F^orceZain 


The  Flaming  Arc.  In  the  carbon  arc  the  arc  proper  gives  out 
but  a  small  percentage  of  the  total  amount  of  light  emitted.  In  order 
to  obtain  a  light  in  which  more  of  the  source  of  luminosity  b  in  the 
arc  itself,  experiments  have  been  made  with  the  use  of  electrodes  im- 
pregnated with  certain  salts,  as  well  as  with  electrodes  of  a  material 
different  than  carbon.  The  result  of  these  experiments  has  been  to 
place  upon  the  market  the  flaming  arc  lamps  and  the  luminous  arc 
lamps — ^lamps  of  high  candle-power,  good  eflSciency,  and  giving  vari- 
ous colors  of  light.  These  lamps  may  be  put  in  two  classes :  One  class 
uses  carbon  electrodes,  these  electrodes  being  impregnated  with  certain 

salts  which  add  luminosity  to  the 
arc,  or  else  fitted  with  cores  which 
contain  the  required  material; 
the  other  class  covering  lamps 
which  do  not  employ  carbon,  the 
most  notable  example  being  the 
magnetite  arc  which  uses  a  copper 
segment  as  one  electrode  and  a 
magnetite  stick  as  the  other 
electrode. 

Flaming  arcs  of  the  first  class 
are  made  in  two  general  types: 
One  in  which  the  electrodes  are 
placed  at  an  angle,  and  the  other  in  which  the  carbons  are  placed 
one  above  the  other  as  in  the  ordinary  arc  lamp.  The  term  lumi- 
nous arc  is  usually  applied  to  arcs  of  the  flaming  type  in  which  the 
electrodes  are  placed  one  above  the  other.  The  minor  modifications 
as  introduced  by  the  various  manufacturers  are  numerous  and  include 
such  features  as  a  magazine  supply  of  electrodes  by  which  a  new  pair 
may  be  automatically  introduced  when  one  pair  is  consumed;  feed 
and  control  mechanisms;  etc.  The  flaming  arc  presents  a  special 
problem  since  the  vapors  given  off  by  the  lamp  may  condense  on  the 
glassware  and  form  a  partially  opaque  coating,  or  they  may  interfere 
w^ith  the  control  mechanism. 

Bremer  Arc.  The  Bremer  flaming  arc  lamp  was  introduced 
commercially  in  1899,  and  since  some  of  its  principles  are  incorporated 
in  many  of  the  lamps  on  the  market  to-day,  it  will  be  briefly  described 
here.    The  diagram  shown  in  Fig.  39  illustrates  the  main  features  of 
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Fig.  39.     Diagram  of  Bremer  Flaming  Arc. 
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this  lamp.     The  electrodes  are  mounted  at  an  angle  and  an  electro- 
magnet is  placed  above  the  arc  for  the  purpose  of  keeping  the  arc  from 
creeping  up  and  injuring  the  economize^^  and  also  for  the  purpose  of 
spreading  the  arc  out  and  increasing  its  surface.     The  vapor  from 
the  arc  is  condensed  on  the  economizer  and  this  coating  acts  as  a  re- 
flector, throwing  the  light  downward.    The  economizer  serves  to 
limit  the  air  supplied  to  the  arc  and  thus  increases  the  life  of  the  elec- 
trodes.    The  inclined  position  of  the  carbons  was  suggested  by  the 
fact  that  in  the  impregnated  carbons  a  slag  was  formed  which  gave 
trouble  when  the  electrodes  were  mounted  in  the  usual  manner.     By 
using   the  electrodes    in 
this  position  there  is  little 
if  any  obstruction  to  the 
light    which    passes    di- 
rectly   downward    from 
the  arc, 

Bremer's  original 
electrodes  contained 
compounds  of  calcium, 
strontium,  magnesium, 
etc.,  as  well  as  Ixtracie 
acid.  Electrodes  as  cm- 
ployed  in  the  various 
lamps     to-day    differ 

greatly  in  their  make-up.  fig.  40.  DUtributioo  Curves  o(b  Luminous  Arc. 
Some    use    impregnated 

carbons,  others  use  carbons  with  a  core  containing  the  flaming  ma- 
terials, and  metallic  wires  are  added  in  some  eases.  The  life  of 
electrodes  for  flan;iiig  lamps  is  not  great,  depending  upon  their  length 
and  somewhat  iii>on  the  type  of  lamp.  The  maximum  hfc  of  the 
treated  carbons  is  in  the  neighlmrhood  of  20  hours. 

The  color  of  the  light  from  the  flaming  arc  is  yellow  when  cal- 
cium salts  are  used  as  the  main  impregnating  compound,  and  the 
majority  of  the  lamps  installed  use  electro<Ies  ^ving  a  yellow  light. 
By  employing  more  strontium,  a  red  or  pink  light  is  produced,  while 
if  a  white  light  is  wanted,  barium  salts  are  used.  Calcium  gives  the 
most  efficient  service  and  strontium  comes  between  (his  and  barium. 
The  distribution  cur\es  in  Fig.  40  illustrate  the  relative  economies 
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of  the  different  materials.  Modern  electrodes  contain  not  more  tlian 
15^0  of  added  material  and  it  is  customary  to  find  the  salts  applied 
as  a  core  to  the  pure  carbon  sticks.  The  electrodes  are  made  of  a 
small  diameter  in  order  to  maintain  a  steady  light  and  this  partially 
accounts  for  their  short  life. 

The  feeding  mechanisms  employed  differ  greatly.     They  may  be 
classified  as:  Clock,  pravity-feed,  clutch,  motor,  and  hot-wire  mech- 
anisms.    Fig.  41    illustrates   a  clock  mechanism.     This  is  a  dif- 
ferential mechanism  in  which   the 
shunt  coils  act  to  release  a  detent  / 
which  allows  the  ek'ctrodes  to  feed 
down  and  when  they  come  in  con- 
tact the  series  coils  separate  them 
to  the  proper  extent  for  maintaining 
a  suitable  arc.     In  the  gravity  feed 
an  electromagnet  is  used  to  operate 
one  carbon  in  sprin^ng  the  arc  and 
the  other  carbon  is  fed  by  gravity, 
it  being  prevented  from  dropping 
too  far  by  means  of  a  special   rib 
formed  on  the  electrode  which  comes 
in  contact  with  a  part  of  the  lamp 
structure.     Gravity  feed  is  also  em- 
ployed in  the  clutch  mechanism  but 
here'  the  carbons  are  held   in  one 
position  by  on  electrically  operated 
clutch  which  releases  them  only  when 
the  current  is  sufficiently  reduced  by 
the  lengthening  of  the  arc.     In  the 
hot-wire  lamp,  the  wire  is  usually  iu  scries  with  the  arc;  the  contrac- 
tion and  expansion  of  this  wire  is  balanced  against  a  spring  and  the 
arc  is  regulated  by  such  contraction  or  expansion  of  the  wire.     Such 
a  lamp  is  suitable  for  either  direct  or  alternating  current.     In  the 
motor  mechanism,  as  applied  to  alternating-current  lamps,  a  metallic 
disk  is  actuated  by  differential  magnets  and  its  motion  is  transmitted 
to  the  electrodes  to  lengthen  or  shorten  the  arc  accordingly  as  the 
force  exerted  by  the  series  or  shunt  coils  predominates. 

Mtigiidilc  Arc.    The  magnetite  arc  employs  a  copper  disk  as 
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one  electrode;  and  a  magnetite  stick — formed  by  forcing  magnetite, 
to  which  titanium  salts  are  usually  added,  into  a  thin  sheet  steel  tube — 
is  used  as  the  other  electrode.  This  lamp  gives  a  luminous  arc  of 
good  efiGciency  and  the  magnetite  electrode  is  not  consumed  as  rapidly 
as  the  treated  carbons  with  the  result  that  magnetite  lamps  do  not 
require  trimming  as  frequently.  The  life  of  the  magnetite  electrode 
as  at  present  manufactured  is  from  170  to  200  hours.  A  diagram  of 
the  connections  of  this  lamp  as  manufactured  by  the  General  Electric 


Fig.  42.     nUgmm  ol  CotiDectlnns  tor  Uaguetite  Arc  Lamp. 

Company  is  shown  in  Fig.  42.  The  magnetite  electrode  is  placed  be- 
low. The  copper  electrode  has  just  the  proper  dimensions  to  prevent 
its  being  destroyed  by  the  arc  and  yet  it  is  not  large  enough  to  cause 
undue  condensation  of  the  arc  vapor.  Direct  current  must  be  used 
with  this  lamp,  the  current  passing  from  the  copper  to  the  magnetite. 
Table  XI  gives  some  general  data  on  the  flaming  arc,  while  Figs. 
43  and  44  give  typical  distribution  curves.  The  advantages  of  the 
flaming  arc  over  lamps  using  pure  carbon  electrodes  are:  High  effi- 
ciency; better  liglit  distribution;  and  better  color  of  light  for  some 
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purposes.  A  greater  amount  of  light  can  be  obtained  from  a  single 
unit  than  is  practical  with  the  carbon  arc.  The  disadvantages  lie 
in  the  frequent  trimming  required  and  the  expense  of  electrodes. 
Flaming  arcs  have  been  introduced  abroad,  especially  in  Germany, 
to  a  much  greater  extent  than  in  the  United  States. 

TABLE  XI 
General  Data  on  Flaming;  Arcs 


Volts 

Amperes 

Watts 

Mran  Sphrrical 
Candle-Powkr 

Watts  per  Mkan 
Spherical  c.  p. 

55 
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330 
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.68 
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800 

.55 

10 

550 

1100 

.5 

12 

660 

1300 

.5 

15 

825 

1700 

.49 

20 

1100 

2250 

.48 

POWER  DISTRIBUTION 

The  question  of  power  distribution  for  electric  lamps  and  other 
appliances  is  taken  up  fully  in  the  section  on  that  subject,  therefore 
it  will  be  treated  very  briefly  here.    The  systems  may  be  divided  into: 

1.  Series  distribution  systems. 

2.  Multiple-series  or  series-multiple  systems. 

3.  Multiple  or  parallel  systems. 

They  apply  to  both  alternating  and  direct  current. 

The  Series  System.  This  is  the  most  simple  of  the  three;  the 
lamps,  as  the  name  indicates,  are  connected  in  series  as  shown  in 
Fig.  45.  A  constant  load  is  necessary  if  a  constant  potential  is  to  be 
used.  If  the  load  is  variable,  a  constant-current  generator,  or  a 
special  regulating  device  is  necessary.  Such  devices  are  constant- 
current  transformers  and  constant-current  regulators  as  applied  to 
alternating-current  circuits. 

The  series  system  is  used  mostly  for  arc  and  incandescent  lamps 
when  applied  to  street  illumination.  Its  advantages  are  simplicity 
and  saving  of  copper.  Its  disadvantages  are  high  voltage,  fixed  by 
the  number  of  lamps  in  series;  the  size  of  the  machines  is  limited 
since  they  cannot  be  insulated  for  voltage  above  about  6,000;  a  single 
open  circuit  shuts  down  the  whole  system. 

Alternating-current  series  distribution  systems  are  being  used  to 
a  very  large  extent.     By  the  aid  of  special  transformers,  or  regulators. 
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any  number  of  circuits  can  be  run  from  one  machine  or  set  of  bus  bars, 
and  apparatus  can  be  built  for  any  voltage  and  of  any  size.  It  is  not 
customary,  however,  to  build  transformers  of  this  type  having  a  capac- 


Flg.  43.     DisCribution  Curve  (Or  FIsmlOK  Arc  Lamp, 

ity  greater  than  one  hundred  6.6-ampere  lamps  t>ecause  of  the  high 
voltage  which  would  have  to  be  induced  in  the  secondary  for  a  larger 
number  of  lamps. 

Fig.  45  gives  a  dia- 
gram of  the  connection 
of  a  singte-coil  trans- 
former in  service.  The 
constant-current  trans- 
former most  in  use  for 
lighting  purposes  is  the 
one  manufactured  by  the 
General  Electric  Com- 
pany and  commonly  y,-  „  Distribution  Curve  for  a  4-Ampere. 
known    as    B.    tub     trans-  ^6-V<-t.  M»Rne<ite  Luminous  Arc  Lamp. 

fonner.  Fig.  46  shows  such  a  transformer  (double-coil  type)  when 
removed  from  the  case. 

Referring  to  Fig.  46,  the  fixed  coils  A  form  the  primaries  which 
are  connected  across  the  line;  the  movable  coils  B  are  the  secondaries 
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connected  to  the  lamps.  There  js  a  repulsion  of  the  coils  B  by  the 
coils  A  when  tlie  current  flows  in  both  circuits  and  this  force  is  bal- 
anced by  means  of  the  weights  at  W,  so  that  the  coils  B  take  a  position 
such  that  the  normal  current  will  flow  in  the  secondary.  On  light 
loads,  a  low  voltage  is  suflficient,  hence  the  secondary  coils  are  close 

together  near  the  middle  of 
the  machine  and  there  is  a 
heavy  magnetic  leakage. 
When  all  of  the  lamps  are 
on,  the  coils  take  the  posi- 
tion shown  when  the  leak- 
age is  a  minimum  and  the 
voltage  a  maximum.  WTien 
first  starting  up,  the  trans- 
former is  short-circuited  and 
the  secondary  coils  brought 
close  together.  The  short 
circuit  is  then  removed  and 
the  coils  take  a  position 
corresponding  to  the  load 
on  the  line. 

These  transformers  regu- 
late from  full  load  to  ^  rated 
load  within  yV  ampere  of 
normal  current,  and  can  be 
run    on    short    circuit    for 
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Fig.  45. 


Wfrinp:  Diagram  for  Single-Coil 
Transformer. 


PRIMARY  PLUG  SWITCH  several  hours  without  over- 
heating. The  efficiency  is 
given  as  96%  for  100-light 
transformers  and  94.6%  for 
50-light  transformers  at  full 
load.  Tlie  power  factor  of  the  system  is  from  76  to  78%  on  full 
load,  and,  owing  to  the  great  amount  of  magnetic  leakage  at  less  than 
full  load — the  effect  of  leakage  being  the  same  as  the  effect  of  an  in- 
ductance in  the  primary — the  power  factor  is  greatly  reduced,  falling 
to  62%  at  f  load,  44%  at  \  load,  and  24%  at  \  load. 

Standard  sizes  are  for  capacities  of  25-,  35-,  50-,  75-,  and  100-6.6 
ampere  enclosed  arcs,  and  they  are  also  made  for  lower  currents  in 
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t]m  nei^hborluxHl  of  3.3  ainpc»n's  for  incandesct^nt  lamps.  The  low 
power  factor  of  such  a  system  on  light  loads  shows  that  a  transformer 
should  be  selected  of  such  a  capacity  that  it  will  be  fully  or  nearly 
fully  loaded  at  all  times.  The  primary  winding  can  be  constructed 
for  any  voltage  and  the  open  circuit  voltages  of  the  secondaries  are 
as  follows : 

25  light  transfonner,  2,300  volts.       75  light  transformer,  6,900  volts, 
35     "  "  3,200      "         100     "  "  9,200     " 


50     "  "  4,000      " 

The  50-,  75-,  and  100-light  transformers  are  arranged  for  multiple 

circuit  operation,  two  circuits 
used  in  series,  and  the  vol- 
tages at  full  load  n»ach  4,KX) 
for  each  circuit  on  the  100-light 
machine. 

The  second  system,  used 
for  series  distribution  on 
alternating-current  circuits 
consists  of  a  constant-potential 
transformer,  stepping  down  the 
line  voltage  to  that  required 
for  the  total  number  of  lamps 
on  the  system,  allowing  83 
volts  for  each  lamp,  and  in 
series  with  the  lamps  is  a 
reactive  coil,  the  reactance  of 
which  is  automatically  regu- 
lated, as  the  load  is  increased 
or  decreased,  in  order  to  keep 
the  current  in  the  line  con- 
stant. Fig.  47  shows  such  a  regulator  and  Fig.  48  shows  this  regu- 
lator connected  in  circuit.  The  inductance  is  varied  by  the  move- 
ment of  the  coil  so  as  to  include  more  or  less  iron  in  the  magnetic 
circuit.  Since  the  inductance  in  series  with  the  lamps  is  high  on  light 
loads,  the  power  factor  is  greatly  reduced  as  in  the  constant-current 
transformer;  and  the  circuits  should,  preferably,  be  run  fully  loaded. 
GO  to  05  lamps  on  a  circuit  is  the  usual  maximum  limit. 

^Vllile  used  primarily  for  arc-light  circuits,  the  same  systems. 


Fig.  47. 


Current  Uojnilcitor  for  A.  C.  Series 
Distribution   Systems. 
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designed  for  lower  currents,  are  very  readily  applied  to  series  incan- 
descent systems. 

The  introduction  of  certain  flaming  or  luminous  arcs  requiring 
direct  current  for  their  operation  has  led  to  the  use  of  the  mercury  arc 
rectifier  in  connection  with  series  circuits  on  alternating-current 
systems.    A  constant-current  transformer  is  used  to  regulate  for  the 

proper  constant  current  in  its  second-  

ary  winding,  and  this  secondary  current 
is  rectified  by  means  of  the  mercury  arc 
rectifier  for  the  lamp  circuit.  In  the 
recent  outfits  the  rectifier  tubes  are 
immersed  in  oil  for  cooling.  While 
this  rectifier  was  first  introduced  for 
the  operation  of  luminous  arc  lamps, 
there  is  no  reason  why  it  should  not 
be  used  with  any  series  lamp  requiring 
direct  current,  provided  the  system  is 
designed  for  the  current  taken  by  such 
lamps.  With  this  system  any  commer- 
cial frequency  may  be  used.  Sets  are 
constructed  for  25-,  50-,  and  75-light 
circuits.  They  have  a  combined  effi- 
ciency, transformer  and  rectifier  tube, 
of  8.")%  to  90%,  and  operate  at  a  power 
factor  of  from  65%  to  70%.  Fig.  49 
gives  a  diagram  of  the  circuit  and 
rectifier  connections  used  with  a  single-  Fig.  48.  wiring  Diagram  showing  in- 

tnl  *>  niiffif  troductlon  of  the  Current  Regulator. 

Multiple-Series  or  Series-Multiple  Systems.  These  combine 
several  lamps  in  series,  and  these  series  groups  in  multiple,  or  several 
lamps  in  multiple  and  these  multiple  groups  in  series,  respectively. 
They  have  but  a  limited  application. 

Multiple  or  Parallel  Systems  of  Distribution.  By  far  the  largest 
number  of  lamps  in  service  are  connected  to  parallel  systems  of  dis- 
tribution. In  this  system,  the  units  are  connected  across  the  lines 
leading  to  the  bus  bars  at  the  station,  or  to  the  secondaries  of  con- 
stant-potential transformers.  Fig.  50  shows  a  diagram  of  ten  lomps 
connected  in  parallel.     The  current  delivered  by  the  machine  de- 
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pends  directly  on  the  number  of  lamps  connected  in  service,  the  vol- 
tage of  the  system  being  kept  constant. 

Inasmuch  as  the  flow  of  current  in  a  conductor  is  always  accom- 
panied by  a  fall 
of  potential  equal 
to  the  product  of 
the  current  flow- 
ing into  the  resist- 
ance of  the  con- 
ductor, the  lamps 
at  the  end  of  the 
system   show^n 
will  not  have  as 
high    a    voltage 
impressed    upon 
them    as     those 
nearer    the    ma- 
chine.     This 
drop  in  potential 
is  the  most  seri- 
ous obstacle  that 
we  have  to  over- 
come in  multiple 
systems,     and 
regulation.     The 


Ttnetftsfoynnti 
D  Cf^a.  era  -nc-t 


\ 


tt. 


6  6   6 


L 


AfiAlfiflfi) 


ChaT7o^  ^histtytf  go 
foLp  ai  Tnarrs/brmrT' 
for  SO%  Load  Cortntc* 


^iorr. 


Sotitv* 


Fig.  49. 


Wiring  Diagram  for  A.  C.  System  Showing  Intwxluc 
tion  of  Mercury  Arc  Rectifier. 


various  schemes  have  been  adopted  to  aid  in  this 
systems  may  be  classified  as: 


a 


1.  Cylindrical  conductors,  parallel  feeding. 

2.  Conical 

3.  Cylindrical  "  anti-parallel  feeding. 

4.  Conical 


(I 


In  the  cylindrical  conductor,  parallel-feeding  system,  the  con- 
ductors, Ay  By  C,  Dy  Fig.  50,  arc  of  the  same  size  throughout  and  are 
fed  at  the  same  end  by  the  generator.  The  voltage  is  a  minimum 
at  the  lamps  E  and  a  maximum  at  the  lamps  F;  the  value  of  the 
voltage  at  any  lamp  being  readily  calculated. 

By  a  conical  or  tapering  conductor  Is  meant  a  conductor  whose 
diameter  is  so  proportioned  throughout  its  length  that  the  current, 
divided  by  the  cross-section,  or  the  current  density,  is  a  constant 
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quantity.     Such  a  conductor  is  approximated  in  practice  by  using 
smaller  sizes  of  wire  as  the  current  in  the  lines  becomes  less. 

In  an  anti-parallel  system,  the  current  is  fed  to  the  lamps  from 
opposite  ends  of  the  system,  as  shown  in  Fig.  6L 

Multiple-Wire  Systems.  In  order  to  take  advantage  of  a  higher 
voltage  for  distribution  of  power  to  the  lighting  circuits,  three-  and 
five-wire  systems  have  been  introduced,  the  three-wire  system  being 
used  to  a  very  large  extent.  In  this  system,  three  conductors  are 
used,  the  voltage  from  each 
outside  conductor  to  the 
middle  neutral  conductor 
being  the  same  as  for  a 
simple  parallel  system.  Fig. 
52  gives  a  diagram  of  this. 


B 
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Fig.  50.     Parallel  Feeding  System. 


By  this  system  the  amount    (^''^^^K^^^^K^}^ 
of  copper  required  for  a  giv-       \^     TTTTTTTTT| 


Fig.  51.    Anti-parallel  Feeding  System. 


FIr.  Wl.     Three-wire  System. 


en  number  of  lamps  is  from 
five-sixteenths  to  three- 
eighths  of  the  amount 
required  for  a  two-wire  dis- 
tribution, depending  on  the 
size  of  the  neutral  con- 
ductor.   The  saving  of 

copper  together  with  the  disadvantages  of  the  system  is  more  fully 
treated  in  the  paper  on  "Power  Transmission." 

ILLUMINATION 

Illumination  may  be  defined  as  the  quality  and  quantity  of  light 
which  aids  in  the  discrimination  of  outline  and  the  perception  of 
color.  Not  only  the  quantity,  but  the  quality  of  the  light,  as  well  as 
the  arrangement  of  the  units,  must  be  considered  in  a  complete  study 
of  the  subject  of  illumination. 

Unit  of  Illumination.  The  unit  of  illumination  is  the  jooi- 
candle  and  its  value  is  the  amount  of  light  falling  on  a  surface  at  a 
distance  of  one  foot  from  a  source  of  light  one  candle-pow^r  in  value. 
The  law  of  inverse  squares — namely,  that  the  illumination  from  a 
given  source  varies  inversely  as  the  square  of  the  distance  from  the 
source — shows  that  the  illumination  at  a  distance  of  two  feet  from  a 
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single  candle-power  unit  is  .25  foot-candles.  For  further  con- 
sideration of  the  law  of  inverse  squares,  see  "Photometry." 

Illumination  may  be  classified  as  usefvl — when  used  for  the 
ordinary  purposes  of  furnishing  light  for  carrying  on  work,  taking 
the  place  of  daylight;  and  scenic — when  used  for  decorative  lighting 
such  as  stage  lighting,  etc.  The  two  divisions  are  not,  as  a  rule, 
distinct,  but  the  one  is  combined  with  the  other. 

Intrinsic  Brightness.  By  intrinsic  brightness  is  meant  the 
amount  of  light  emitted  per  un't  surface  of  the  light  source.  Table 
XII  gives  the  intrinsic  brightness  of  several  light  sources. 

TABLE  XII 
Intrinsic  BrllHancles  In  Candle-Power  per  Square  Inch 


Source 

Brilliancy 

NoTi;s 

•  Sun  in  zenith 

600,000  ) 

Sun  at  30  degrees  civ. 

600,000  f 

Rough  equivalent  values,   tak- 

Sun on  horizon 

2,000) 
10,000) 

ing  account  of  absorption 

Arc  light 

to     \ 

Maximum    about    200,000     in 

100,000  ) 

crater 

Calcium  light 
Nernst  "glower" 

5,000 

1,000 

Unshaded 

Incandescent  lamp 

200  300 

Depending  on  efficiency 

Enclosed  arc 

75-100 

Opalescent  inner  globe 

Acetylene  flame 

75-100 

Welsbach  light 

20  to  25 

Kerosene  light 

4  to    8 

Variable 

('andle 

3  to    4 

Gas  flame 

3  to    8 

Variable 

Incandescent  (frosted) 

2  to    5 

Opal  shaded  lamps,  etc. 

0.5  to    2 

Regular  Reflection.  Regular  reflection  is  the  term  applied  to 
reflection  of  light  when  the  reflected  rays  are  parallel.  It  is  of  such 
a  nature  that  the  image  of  the  light  source  is  seen  in  the  reflection. 
The  reflection  from  a  plane  mirror  is  an  example  of  this.  It  is  useful 
in  lighting  in  that  the  direction  of  light  may  be  changed  without  com- 
plicating calculations  aside  from  deductions  necessary  to  compensate 
for  the  small  amount  of  light  absorbed. 

Irre£;ular  Reflection.  Irregular  reflection,  or  diffusion,  consists 
of  reflection  in  which  the  reflected  rays  of  light  are  not  parallel  but 
take  various  directions,  thus  destroying  the  image  of  the  light  source. 
Rough,  unpolished  surfaces  give  such  reflection.  Smooth,  unpolished 
surfaces  generally  give  a  combination  of  two  kinds  of  reflection. 
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DiflFused  reflection  is  very  important  in  the  study  of  illumination 
inasmuch  as  diffused  light  plays  an  important  part  in  the  lighting  of 
interiors.  This  form  of  reflection  is  seen  in  many  photometer  screens. 
Light  is  also  diffused  when  passing  through  semi-transparent  shades 
or  screens. 

In  considering  reflected  light,  we  find  that,  if  the  surface  on 
which  the  light  falls  is  colored,  the  reflected  light  may  be  changed  in 
its  nature  by  the  absorption  of  some  of  the  colors.  Since,  as  has  been 
said,  in  interior  lighting  the  reflected  light  forms  a  large  part  of  the 
source  of  illumination,  this  illumination  will  depend  upon  the  nature 
and  the  color  of  the  reflecting  surfaces. 

Whenever  light  is  reflected  from  a  surface,  either  by  direct  or 
diffused  reflection,  a  certain  amount  of  light  is  absorbed  by  the  surface. 
Table  XIII  gives  the  amount  of  white  light  reflected  from  different 
materials. 

TABLB  XIII 
Relative  Reflecting  Power 


Material 


White  blotting  paper . . 
White  cartridge  paper 
Chrome  yellow  paper . 

Orange  paper 

Yellow  wall  paper .... 

Light  pink  paper 

Yellow  cardboard 

Light  blue  cardboard . 
Emerald  green  paper . . 

Dark  brown  paper 

Vermilion  paf)er 

Blue-green  paper 

Black  pai)er 

Black  cloth 

Black  velvet 


82 
80 
62 
50 
40 
36 
30 
25 
18 
13 
12 
12 

5 

1.2 
.4 


From  this  table  it  is  seen  that  the  light-colored  papers  reflect  the 
light  well,  but  of  the  darker  colors  only  yellow  has  a  comparatively 
high  coefficient  of  reflection.  Black  velvet  has  the  lowest  value,  but 
this  only  holds  when  the  material  is  free  from  dust.  Rooms  with 
dark  walls  require  a  greater  amount  of  illuminating  power,  as  will  be 
seen  later. 

*   Useful   illumination   may   be  considered   under   the   following 
heads: 
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1.  ResideDCe  Lighting. 

2.  Lighting  of  Public  Halls,  Offices,  Drafting  Rooms,  Shops,  etc. 

3.  Street  Lighting. 

RESIDENCE  LIGHTING 

Type  of  Lamps.  The  lamps  used  for  this  class  of  lighting  are 
limited  to  the  less  powerful  units — namely,  incandescent  or  Xernst 
lamps  varying  in  candle-power  from  8  to  50  per  unit.  These  should 
always  be  shaded  so  as  to  keep  the  intrinsic  brightness  low.  The 
intrinsic  brilliancy  should  seldom  exceed  2  to  3  candle-power  per 
square  inch,  and  its  reduction  is  usually  accomplished  by  appropriate 
shading.  Arc  lights  are  so  powerful  as  to  be  uneconomical  for 
small  rooms,  while  the  color  of  the  mercury-vapor  light  is  an  additional 
objection  to  its  use. 

Plan  of  Illumination.  Lamps  may  be  selected  and  so  located 
as  to  give  a  brilliant  and  fairly  uniform  illumination  in  a  room;  but  this 
is  an  uneconomical  scheme,  and  the  one  more  commonly  employed 
is  to  furnish  a  uniform,  though  comparatively  weak,  ground  illumi- 
nation, and  to  reinforce  this  at  points  where  it  is  necessary  or  desirable. 
The  latter  plan  is  satisfactory  in  almost  all  cases  and  the  more  eco- 
nomical of  the  two. 

While  the  use  of  units  of  different  power  is  to  be  recommended, 
where  desirable,  lights  differing  in  color  should  not  be  used  for  lighting 
the  same  room.  As  an  exaggerated  case,  the  use  of  arc  with  incan- 
descent lamps  might  be  mentioned.  The  arcs  being  so  much  whiter 
than  the  incandescent  lamps,  the  latter  appear  distinctly  yellow  when 
the  two  are  viewed  at  the  same  time. 

Calculation  of  Illumination.  In  determining  the  value  of  illumi- 
nation, not  only  the  candle-power  of  the  units,  but  the  amount  of  re- 
flected light  must  be  considered  for  the  given  location  of  the  lamps. 
Following  is  a  formula  based  on  the  coefficient  of  reflection  of  the 
walls  of  the  room,  which  serves  for  preliminary  calculations: 

I  =  Illumination  in  foot-candles. 

c.p.  =  Candle-power  of  the  unit. 

k  =  CoeflScient  of  reflection  of  the  walls. 

d  =  distance  from  the  unit  in  feet. 
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Where  several  units  of  the  same  candle-power  are  used  this 
formula  becomes: 

.111  X        1 

I  =  c.p.  (^-  +  -^  +  >    + )m 


1  **  3 


or,  c.p.  = 


1 


1         J  1         1 


dr     '    cP^        (P^  ^  I  -  k 


where  d,  dj,  d^,  etc.,  equal  the  distances  from  the  point  considered  to 
the  various  light  sources.  If  the  lamps  are  of  different  candle-power, 
the  illumination  may  be  determined  by  combining  the  illumination 
from  each  source  as  calculated  separately.  An  example  of  calculation 
is  given  under  "Arrangement  of  Lamps." 

The  above  method  is  not  strictly  accurate  because  it  does  not 
take  account  of  the  angle  at  which  the  light  from  each  one  of  the 
sources  strikes  the  assumed  plane  of  illumination.     If  the  ray  of 

C.7)m 

light  is  perpendicular  to  the  plane,  the  formula  I  =  -^  gives  cor- 
rect values.  If  a  is  the  angle  which  the  ray  of  light  makes  with  a  line 
draw^n  from  the  light  source  perpendicular  to  the  assumed  plane, 

then   the  formula  becomes  I  =   —  ^^ j^ Iherefore,  by 

multiplying  the  candle-power  value  of  each  light  source  in  the  direc- 
tion of  the  illuminated  point  by  the  cosine  of  each  angle  a,  a  more 
accurate  result  will  be  obtained. 

It  is  readily  seen  that  the  effect  of  reflected  light  from  the  ceilings 
is  of  more  importance  than  that  from  the  floor  of  a  room.  The  value 
of  k,  in  the  above  formula,  will  vary  from  60%  to  10%,  but  for  rooms 
with  a  fairly  light  finish  50%  may  be  taken  as  a  good  average  value. 

The  amount  of  illumination  will  depend  on  the  use  to  be  made  of 
the  room.  One  foot-candle  gives  suflScient  illumination  for  easy 
reading,  when  measured  normial  to  the  page,  and  probably  an  illumi- 
nation of  .5  foot-candle  on  a  plane  3  feet  from  the  floor  forms  a  suffi- 
cient ground  illumination.  The  illumination  from  sunlight  reflected 
from  white  clouds  is  from  20  foot-candles  up,  while  that  due  to  moon- 
light is  in  the  neighborhood  of  .03  foot-candles.  It  is  not  possible  to 
produce  artificially  a  light  equivalenj;  to  daylight  on  account  of  thp 
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great  amount  of  energy  that  would  be  required  and  the  diflSculty  of 
obtaining  proper  diffusion. 

The  method  of  calculating  the  illumination  of  a  room  that  has 
just  been  described  is  known  as  the  point-by-point  method  and  it 
gives  very  accurate  results  if  account  is  taken  of  the  angle  at  which 
the  light  from  each  source  strikes  the  plane  of  illumination  and  if 
the  light  distribution  curves  of  the  units,  and  the  value  of  k,  have  been 
carefully  determined.  Under  these  conditions  the  calculations  be- 
come extended  and  complicated  and  methods  only  approximate,  but 
simpler  in  their  application,  are  being  introduced.  One  method, 
which  gives  good  results  when  applied  to  fairly  large  interiors,  makes 
the  flux  of  light  from  the  light  sources  the  basis  of  calculation  of  the 
average  illumination. 

Flux  of  light  is  measured  in  lumens  and  a  lumen  may  be  defineil 
as  the  amount  of  light  which  must  fall  on  one  square  foot  of  surface 
in  order  to  produce  a  uniform  illumination  of  an  intensity  of  one  foot- 
candle.  A  source  of  light  giving  one  candle-power  in  every  direction 
and  placed  at  the  center  of  a  sphere  of  one  foot  radius  would  give  an 
illumination  of  one  foot-candle  at  every  point  in  the  surface  of  the 
sphere  and  the  total  flux  of  light  would  be  47r,  or  12.57,  lumens  since 
the  area  of  the  sphere  would  be  47r,  or  12.57,  sq.  ft.  A  lamp  giving 
one  mean  spherical  candle-power  gives  a  flux  of  12.57  lumens  and 
the  total  flux  of  light  from  any  source  is  obtained  by  multiplying  its 
mean  spherical  candle-power  by  12.57.  In  calculating  illumination 
it  is  customary  to  determine  the  illumination  on  a  plane  about  30 
inches  from  the  floor  for  desk  work,  and  about  42  inches  from  the 
floor  for  the  display  of  goods  on  counters.  If  we  determine  the  total 
number  of  lumens  falling  on  this  plane  and  divide  this  number  by 
the  area  of  the  plane,  we  obtain  the  average  illumination  in  foot- 
candles.  This  of  course  tells  us  nothing  about  the  maximum  or 
minimum  value  of  the  illumination  and  such  values  must  be  obtained 
by  other  methods  if  they  are  desired.  Reflected  light,  other  than  that 
covered  by  the  distribution  curve  of  the  light  unit  including  its  re- 
flector, is  usually  neglected  in  this  method  of  calculation. 

We  may  assume  that  in  large  rooms  the  light  coming  from  the 
lamp  within  an  angle  of  75  degrees  from  the  vertical  reaches  the  plane 
of  illumination.  In  smaller  rooms  this  angle  should  be  reduced  to 
about  60  degrees.     In  order  to  determine  the  flux  of  light  within  this 
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angle  a  Rousseau  diagram,  which  is  described  later,  should  be  drawn. 
By  the  means  of  this  diagram  the  average  candle-power  of  the  light 
source  within  the  angle  assumed  may  be  readily  determined  and  this 
mean  value,  multiplied  by  12.57,  will  give  the  flux  of  light  in  lumens. 
This  method  of  calculation,  together  with  some  guides  for  its  rapid 
application,  is  described  by  Messrs.  Cravath  and  Lansingh  in  the 
"Transactions  of  the  Illuminating  Engineering  Society,  1908."  The 
same  authorities  give  the  following  useful  data: 

To  determine  the  watts  required  per  square  foot  of  floor  area, 
multiply  the  intensity  of  illumination  desired  by  the  constants  given 
as  follows: 

INTENSITY  CONSTANTS  FOR  INCANDESCENT  LAMP5 

Tungsten  lamps  rated  at  1.25  watts  per  horizontal  candle-power;  clear 
prismatic  reflectors,  either  bowl  or  concentrating;  large  room;  light 
ceiling;  dark  walls;  lamps  pendant;  height  from  8  to  15  feet  .25 

Same  with  very  light  walls 20 

Tungsten  lamps  rated  at  1.25  watts  per  horizontal  candle-power;  pris- 
matic bowl  reflectors  enameled;  large  room;  light  ceiling;  dark 

walls;  lamps  pendant,   height  from  8  to   15  feet 29 

Same  with  very  light  walls 23 

Gem  lamps  rated  at  2.5  watts  per  horizontal  candle-power;  clear  pris- 
matic reflectors  either  concentrating  or  bowl;  large  room;  light 

ceiling;  dark  walls;  lamps  pendant;  height  from  8  to  15  feet 55 

Same  with  very  light  walls 45 

Carbon  filament  lamps  rated  at  3.1  watts  per  horizontal  candle-power; 
clear  prismatic  reflectors  either  bowl  or  concentrating;  light  ceiling; 
dark  walls;  large  room;  lamps  pendant;  height  from  8  to  15  feet. .        .65 

Same  with  very  light  walls 55 

Bare  carbon  filament  lamps  rated  at  3.1  watts  per  horizontal  candle- 
power;  no   reflectors;  large   room;  very  light   ceiling  and   walls; 

height  from  10  to  14  feet .75  to  1 .5 

Same;  small  room;  medium  walls 1.25  to  2.0 

Carbon  filament  lamps  rated  at  3.1  watts  per  horizontal  candle-power; 
opal  dome  or  opal  cone  reflectors;  light  ceiling;  dark  walls;  large 

room;  lamps  pendant;  height  from  8  to  15  feet 70 

Same  with  light  walls 60 

INTENSITY  CONSTANTS  FOR  ARC  LAMPS 

5-ampere,  enclosed,  direct-current  arc  on  110- volt  circuit;  clear  inner, 
opal  outer  globe;  no  reflector;  large  room;  light  ceiling;  medium 
walls;  height  from  9  to  14  feet 50 

Arrangement  of  Lamps.  An  arrangement  of  lamps  giving  a 
uniform  illumination  cannot  be  well  applied  to  residences  on  account 
of  the  number  of  units  required,  and  the  inartistic  eflfect.     We  are 
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limited  to  chandeliers,  side  lights,  or  ceiling  lights,  in  the  majority 
of  cases,  with  table  or  reading  lamps  for  special  illumination. 

Wlien  ceiling  lamps  are  used  and  the  ceilings  are  high,  some 
form  of  reflector  or  reflector  lamp  is  to  be  recommended.     In  any 

case  where  the  coeflScient  of  reflection  of  the 
I  ceilings  is  less  than  40%,  it  is  more  economical 
to  use  reflectors.     When  lamps  are   mounted 
on   chandeliers,  the  illumination  is    far    from 
uniform,  being  a  maximum  in  the  neighbor- 
hood of  the  chandelier  and  a  minimum  at  the 
corners  of  the  room.     By  combining  chande- 
liers with  side  lights  it  is  generally  possible  to 
10  S^^  ^  satisfactory  arrangement  of  lighting  for 
7  small   or  medium-sized  rooms. 

As  a  check  on  the  candle-power  in  lamps 

I :*•  required,  we  have  the  following: 

^"v  For  brilliant    illumination    allow   one    candle- 

Fig.  53.   Diagram  Showing  P^^er  per  two  square  feet  of  floor  space.     In  some 
Method  of  Calculating      particular  cases,   such  as  ball  rooms,   this  may  be 
Room  Illumination.        increased  to  one  candle-power  per  square  foot. 

Foi^eneral  illumination  allow  one  candle-power 
for  four  square  feet  of  floor  space,  and  strengthen  this  illumination  with  the 
aid  of  special  lamps  as  required.  The  location  of  lamps  and  the  height  of 
ceilings  will  modify  these  figures  to  some  extent. 

As  an  example  of  the  calculation  of  the  illu- 
mination of  a  room  with  different  arrangements 
of  the  units  of  light,  assume  a  room  16  feet 
square,  12  feet  high,  and  with  walls  having  a  fi " 
coeflBcient  of  reflection  of  50%.  Consider  first 
the  illumination  on  a  plane  3  feet  above  the 
floor  when  lighted  by  a  single  group  of  lights 
mounted  at  the  center  of  the  room  3  feet  below 
the  ceiling.  If  a  minimum  value  of  .5  foot- 
candle  is  required  at  the  corner  of  the  room, 
we  have  the  equation  (first  method  outlined) : 

1  .1 

P 


.5 


=  c.  z>. — 


12.8 


X 


1  -  .5 


Since  d  =}/8'  +  S'  +  6= 
Pig.  53) 


_    1 2  8  Tsee    ^^^•^**'    Diagram  for  Four 
^  8-c.  p.  Lamps  on 

m^  WftU. 
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Solving  the  above  for  the  value  of  c.  p.,  we  have 
c.  p.  = '^  .5  X  82  =  41 

164    ^  "To"" 

Three  16-candle-power  lamps  would  serve  this  purpose  very 
well. 

Determining  the  illumination  directly  under  the  lamp,  we  have: 

I  =  48  X  -■-  X  --?-^  =  -tv  X  2  = 

u-  1  -  .0  ob 

2.7  foot-candles,  or  five  times  the  value  of  the  illumination  at  the 
corners  of  the  room. 

Next  consider  four  8-candle-power  lamps  located  on  the  side 
walls  8  feet  above  the  floor,  as  shown  in  Fig.  54.  Calculating  the 
illumination  at  the  center  of  the  room  on  a  plane  three  feet  above 
the  floor,   we  have: 


89        89        89        89    -^    1  -  .5 
^2  =  8^  +  52  =  04   +   25    =  89 

I  =  8  X  -^  X  2  =  .72  foot-candles  . 
89 

The  illumination  at  the  comer  of  the  room  would  be: 

I  =  8(— +  — -  +  — +  -^-  )    -  — -^ 
^  89        89       345      345  ^     1  -  .5 

=8(-^  +  -^  )  X  2  =  .45  foot-candles. 
89       34o 

In  a  similar  manner  the  illumination  may  be  calculated  for  any 
point  in  the  room,  or  a  series  of  points  may  be  taken  and  curves  plotted 
showing  the  distribution  of  the  light,  as  well  as  the  areas  having  the 
same  illumination,  ^\^le^e  refined  calculations  are  desired,  the  dis- 
tribution curve  of  the  lamp  must  be  used  for  determining  the  candle- 
power  in  different  directions.  Fig.  55  shows  illumination  curves  for 
the  Meridian  lamp  as  manufactured  by  the  General  Electric  Com- 
pany. This  is  a  form  of  reflector  lamp  made  in  two  sizes,  25  or  50 
candle-power.  Fig.  56  gives  the  distribution  curves  for  the  50- 
candle-power  unit.  Similar  incandescent  lamps  are  now  being 
manufactured  by  other  companies, 
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Table  XIV  gives  desirable  data  in  connection  with  the  use  of 
the  Meridian  lamp. 


Fi^'.  55.     Illuminatiou  Curves  for  a  G.  E.  Meridian  Lamp. 

TABLE  XIV 
Illuminating  Data  for  Meridian  Lamps 


Light 

Intensity 

In  Poot- 

candlea 

No.  1  Lamp  (60  Watts)  No.2  Lamp  (ISO  Watts) 

Watts 

per  Sq.  Ft. 

of  Area 

Lighted 

with 

either 

Lamp 

Class  Service 

Height  of 

Lamp  and 

Diameter 

of  Unl- 

formly 

Lighted 

Area 

Distance 

between 

Lamps 

when  Two 

or  more 

are  CJsed 

Height  of 
Lamp  and 
Diameter 
of  Uni- 
formly 
Lighted 
Area 

Distance 
between 
Lamps 
when  Two 
or  more 
are  Used 

Desk  ur  Reading 
Tal)le 

'A 
2 

2.0  feet 
4 

4.9  feet 

6  " 

7  " 

4      feet 
5 
5.75  " 

7      feet 
8.5    " 
9.8    " 

2.50 
1.66 
1.25 

General  Lighting 

1 

4 

I. 

5 

5  75  " 

7 

8.5    " 
9.8   " 
12 

7 

8.2    " 
10 

12 

13.9    " 
U 

0.83 

0.62 

.      0.41 

By  means  of  the  Weber,  or  some  other  form  of  portable  photom- 
eter, curves  as  plotted  from  calculations  may  be  readily  checked 
after  the  lamps  are  installed.  When  lamps  are  to  be  permanently 
located,  the  question  of  illumination  becomes  an  important  one,  and 
it  may  be  desirable  to  determine,  by  calculation,  the  illumination 
curves  for  each  room  before  installing  the  lamps.  This  applies  to 
the  lii^htinfi;  of  large  interiors  more  particularly  than  to  residence 
lighting.     The   point-by-point    method   of   calculation    is   used   for 
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very  accurate  work  when  the  system  of  ilhiinination  admits  of  this 
method.  Other  methods  are  often  simpler  and  sufficiently  accurate 
for  practical  work. 


Fig.  50.     Distribution  Curve  for  a  G.  K.  50-r.  p.  Meridian  Tjamp. 

Dr.  Louis  Bell  gives  the  following  in  connection  with  residence 

lifi^hting: 

TABLE  XV 

Residence  Lighting  Data 


Room 


Hall,  15'  X  20' 

Librarjr,  20'  X  20' 

Reception  room,  15'  X  15' . . 

Music  room,  20'  X  25' 

Dining  room,  15'  X  20' 

BQliard  room,  15'  X  20' 

Porch 

Bedrooms  (6),  15'  X  15' 

Dressing  rooms  (2),  10'  X 15'. 
Servants'  rooms  (3),  10'  X 15' 

Bathrooms  (3),  8'  X  10' 

Kitchen,  15'  X  15' } 

Pantry,  lO'  X  15'  f 

Halls  I 

Cellar  f 

Closets  (4) 


Total 


8 

16 

32 

c.  p. 

C.P. 

• 

C.P. 

8 

12 

1 

4 

12 

2 

14 

14 
4 
3 

4 
1 

3 

« 

3 

10 

3 

4 
04 

30 

8 

Sq.  ft.  , 

PER  C.P. 


7.0 
4.7 
9.4 
5.0 


Rkmarks 


4.7     I 

3.1     '     S-c.p.  reflector  lamps 

7.0 

3.0 

2.7 

2.3 


8  reflector  lamps 
32-c.p.with  reflectors 


Reflector  lamps 
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LIGHTING  OF  PUBLIC  HALLS,  OFFICES,  ETC. 

Lighting  of  public  halls  aiul  other  large  interiors  differs  from  the 
illumination  of  residences  in  that  there  is  usually  less  reflected  light, 
and,  again,  the  distance  of  the  light  sources  from  the  plane  of  illumi- 
nation is  generally  greater  if  an  artistic  arrangement  of  the  lights  is 
to  be  brought  about.  This  in  turn  reduces  the  direct  illumination. 
The  primary  object  is,  however,  as  in  residence  lighting,  to  produce 
a  fairly  uniform  ground  illumination  and  to  superimpose  a  stronger 
illumination  where  necessary.  An  illumination  of  .5  foot-candle  for 
the  ground  illumination  may  be  taken  as  a  minimum. 

In  the  lighting  of  large  rooms  it  is  permissible  to  use  larger  light 
units,  such  as  arc  lamps  and  high  candle-power  Nernst  or  incan- 
descent units,  while  for  factory  lighting  and  drafting  rooms,  where 
the  color  of  the  light  is  not  so  essential,  the  Cooper-Hewitt  lamp  is 
being  introduced.  High  candle-power  reflector  lamps,  such  as  the 
tungsten  lamp,  are  being  used  to  a  large  extent  for  offices  and  drafting 
rooms. 

The  choice  of  the  type  of  lamp  depends  on  tlie  nature  of  the 
work.  Where  the  light  must  be  steady,  incandescent  or  Nernst 
lamps  are  to  be  preferred  to  the  arc  or  vapor  lamps,  though  the  latter 
are  often  the  more  efficient.  AMien  arcs  are  used,  they  must  l)e  care- 
fully shaded  so  as  to  diffuse  the*  light,  doing  away  with  the  strong 
shadows  due  to  portions  of  the  lamp  mechanism,  and  to  reduce  the 
intrinsic  brightness.  Such  shading  will  l)e  tiiken  up  under  the  head- 
ing "Shades  and  Reflectors."  Arcs  are  sometimes  preferable  to 
incandescent  lamps  when  colored  objects  are  to  be  illuminated,  as  in 
stores  and  display  window^s. 

In  locating  lamps  for  this  class  of  lighting,  much  depends  on  the 
nature  of  the  building  and  on  the  degree  of  economy  to  be  obsenxd. 
For  preliminary  determination  of  the  location  of  groups,  or  the  illumi- 
nation when  certain  arrangement  of  the  units  is  assumed,  the  prin- 
ciples oudined  under  "Residence  Lighting"  may  be  applied.  It  has 
been  found  that  actual  measurements  show  results  approximating 
closely  such  calculated  values. 

When  arcs  are  used  they  should  be  placed  fairly  high,  twenty 
to  twenty-five  feet  when  used  for  general  illumination  and  the  ceilings 
are  high.  They  should  be  supplied  with  reflectors  so  as  to  utilize 
the  light  ordinarily  thrown  upwards.     \\Tien  used  for  drafting-room 
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work,  they  should  be  suspended  from  twelve  to  fifteen  feet  above 
the  floor,  and  special  care  must  be  taken  to  diffuse  the  light. 

Incandescent  lamps  may  be  arranged  in  groups,  either  as  side 
lights  or  mounted  on  chandeliers,  or  they  may  be  arranged  as  a  frieze 
running  around  the  room  a  few  feet  below  the  ceiling.  The  last 
named  arrangement  of  lights  is  one  that  may  be  made  artistic,  but  it 
is  uneconomical  and  when  used  should  serve  for  the  ground  illumina- 
tion only.  Reflector  lights  may  be  used  for  this  style  of  work  and 
the  lights  may  be  entirely  concealed  from  view,  the  reflecting  prop- 
erty of  the  walls  being  utilized  for  distributing  the  light  where  needed. 

Ceiling  lights  should  preferably  be  supplie<l  with  reflectors, 
especially  when  the  ceilings  are  high. 

Indirect  lighting  is  employed  to  some  extent.  By  indirect 
lighting  we  mean  a  system  af  illumination  in  which  the  light  sources 
are  concealed  and  the  light  from  them  is  reflected  to  the  room  by  the 
walls,  or  ceilings,  or  other  surfaces;  or  in  which  the  light  sources  are 
placed  above  a  diffusing  panel.  In  the  latter  case  the  diffusing  plate 
appears  to  be  the  source  of  light.  In  some  cases  the  walls  themselves 
are  shaped  and  constructed  so  as  to  form  the  reflectors  for  the  light 
units  (cove  lighting),  but  in  others  all  of  the  reflecting  surfaces,  except 
the  side  walls  and  ceiling,  are  made  portions  of  the  lamp  fixtures. 

Tables  XVI  and  XVII  give  data  on  arc  and  mercury-vapor 
lamps  for  lighting  large  rooms.  Table  XVII  refers  to  arc  lights  as 
actiiallv  installed. 

TABLB  XVI 
Cooper- Hewitt  Lamps 


Servick 

H EIGHT  OF  Lamp 

C.  P.  OF  Unit 

Av.  Area  per  Lamp 
IN  Square  Feet 

Foundry 

10-15  ft. 

300 

900 

II 

20-25  " 

700 

2250 

Machine  shop 

10-15  " 

300 

500 

Erecting  shop 

20-30  " 

700 

1250 

Drafting  room 

15 

300 

300 

II           i< 

20 

700 

400 

Offices 

10-15  " 

300 

400 

II 

20-25  " 

700 

750 

^>dinary  labor 

10-15  " 

300 

1100 

11    "^      ii 

20-25  " 

700 

2750 

303 
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Measurements  taken  in  well-lighted  rooms  having  a  floor  space 
of  from  1,000  to  5,000  square  feet  show  an  average  of  3  to  3.5  square 
feet  per  candle-power.  About  2.5  square  feet  per  candle-power 
should  be  allowed  when  brilliant  lighting  is  required  or  the  ceilings 
are  very  high,  while  3.75  square  feet  per  candle-power  will  give  good 
illumination  when  lights  are  well  distributed  and  there  is  considerable 
reflected  light. 

In  factory  and  drafting  room  lighting,  the  lamps  must  be  arranged 
to  give  a  strong  light  where  most  needed,  and  located  to  prevent  such 
shadows  as  would  interfere  with  the  work. 

STREET  LIGHTING 

In  studying  the  lighting  of  streets  and  parks,  we  find  that,  except 
in  special  cases,  such  as  narrow  streets  and  high  buildings,  there  is 
no  reflected  light  which  aids  the  illumination  aside  from  that  due  to 
special  shades  or  reflectors  on  the  lamp  itself.  Such  reflectors  are 
necessary  if  the  light  ordinarily  thrown  above  the  horizontal  plane  is 
to  be  utilized. 

In  .calculating  the  illumination  due  to  any  t}'pe  of  lamp  at  a  given 
point  it  is  necessary  to  know  the  distribution  curve  of  the  lamp  used 
and  the  distance  to  the  point  illuminated.  The  approximate  illumi- 
nation of  a  plane  normal  to  the  rays  of  light  is  given  by  the  formula. 


h^  +  d? 

when  I  =  illumination  in  foot-candles. 

cp.  =  candle-power  of  the  unit,  determined  from  the  distri- 
bution curve  of  the  lamp. 

h  =  distance  the  lamp  is  mounted  above  the  ground,  in  feet, 
and  d  —  distance  from  the  base  of 
the  pole  supporting  the  lamp  to  the 
point  where  the  illumination  is  being 
considered.  Fig.  57. 

While  this  will  give  the  illumi-' 
nation  in  foot-candles,  the  nature  of     f*?  57.    street  Light  niumination 
the  lighting  cannot  be  decided  from 

this  alone,  but  the  total  amount  of  light  must  also  be  considered. 
Thus,  a  street  lighted  with  powerful  units  and  giving  a  minimum 
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Fig.  68.     Ideal  Distribution  Curve  for  a  Street 

Light. 


illumination  of  .05  foot-candles  would  be  considered  better  illumi- 
nated than  one  having  smaller  units  so  distributed  as  to  give  the 
same  minimum  value. 

Since  a  uniform  distribu- 
tion of  light  is  desirable,  for 
economic  reasons,  the  ideal 
distribution  curve  of  a  lamp 
for  street  lighting  would  be  a 
curve  which  shows  a  low  value 
of  candle-power  thrown  di- 
rectly downward,  but  with  the 
candle-power  increasing  as  we 
approach  the  horizontal.  Such 
an  ideal  distribution  curve  is  shown  in  Fig.  58. 

Actual  distribution  curves  taken  from  commercial  arc  lamps  are 

given  in  Fig.  59,  in  which 

Curve  A  shows  distribu- 
tion curve  for  a  9.6-ampere, 
open,  direct-current  arc. 

Curve  B  shows  distribu- 
tion curve  for  a  6.6-ampere, 
D.C.  enclosed  arc 

Curve  C  shows  distribu- 
tion curve  for  a  7.5-ampere, 
A.C.  enclosed  arc. 

Globes  used  with  B  and 
C  are  opal  inner  globes, 
clear  outer  globes. 

Globes  used  with  A  are 
2^    clear  outer  globes. 

A  street  reflector  was 
used  with  the  enclosed  arcs. 

Tjrpical  curves  for 
flaming  and  luminous 
arc  lamps  are  shown  in 
Figs.  40,  43,  and  44. 

A  series  of  curves 
known  as  iUumination 
curves  may  be  readily 
calculated  showing  the 
illumination  in  foot- 
Fig.  59.  Distribution  Curves  for  Commercial  Arc  ^^^dles  at  ffiven  distance 
Lamps  Used  in  Street  Lighting.  canoies  ai  given  Qisiance 
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from  the  foot  of  the  pole  supporting  the  lamp.  Illumination  curves 
corresponding  to  the  distribution  curves  in  Fig.  59  are  given  in  Fig.  60 
where  A\  B\  andC"  correspond  to  A,  B,  and  C  in  Fig.  59.  These 
curves  correspond  to  actual  readings  taken  with  commercial  lamps. 
Similar  curves  for  incandescent  lamps  fitted  with  suitable  reflectors 
are  shown  in  Fig.  61.    A  value  of  .03  foot-candles  is  about  the  min- 


^u*' 


Fig.  60.     Illumination  Curves  Drawn  to  Data  given  In  Fig.  59. 

imum  for  street  lighting.  Open  arcs  should  be  placed  at  least  25  feet 
above  the  ground;  30  to  40  feet  is  better,  especially  if  the  space  to  be 
illuminated  is  quite  open.  With  enclosed  arcs  it  is  often  advan- 
tageous to  place  them  as  low  as  18  to  20  feet  from  the  ground. 
Table  XVIII  gives  the  distance  between  lights  for  different  types 
of  arcs  for  fair  illumination. 

In  considering  the  type  of  arc  light  to  be  used  we  must  turn  to 
the  illumination  curves  as  shown  in  Fig.  60.  These  curves  show  that 
the  illumination  from  a  direct-current  open  arc  in  its  present  form 
is  superior  to  that  from  a  direct-current  enclosed  arc,  taking  the 
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TABLB  XVllI 


G.rj-ampcre  enclosed  D.C.  arc  . . 

i).6-ampere  opon  D.C,  arc 

G.6-ampero  enclosi-il  A.C.  arc  . 
G.O-aniiKirc  open  D.C.  arc 


DlBTANCB 

Llou-™ 

LlORTa  PER 

Mile 

340  feet 
ai5     " 
275    " 
200     ■' 

20 

same  amount  of  power,  in  the  vicinity  of  the  jtoU-;  but  at  a  (Hstaiice  of 
100  feet,  the  illumination  from  tlie  enclosetl  arc  is  better.  Tliis 
illumination  is  still  more  effective  on 
account  of  the  aKsence  of  sueh  stronjj 
light  as  Is  given  by  the  open  arc  near 
the  pole.  The  pupil  of  the  eye  adju.sts 
itself  to  correspond  to  the  brightest 
'  light  in  the  field  of  vision,  and  we  an' 
unable  to  see  as  well  in  the  dimly- 

Pie.  ni.     niumlniLtlon    Curves   lor    ■•    i  .     ■  .-  i  .i  ■         * 

siroei  incamiesce.it  Lttmps.        lighted  section  as  when  the  maximum 
inten.sity  is  less.     Tlie  characteristics 
of  the  open  and  enclosed  direct-current  arc  lamps  are  as  follows: 

The  mean  Bpherical  candle-power  and  energy  required  at  the  arc  are 
variable  with  the  open  arc. 

Fluctuationa  oE  light  are  marked,  due  to  wa:ideriiig  of  the  arc,  flickering 
due  to  the  wind  and  lack  of  uniformity  of  the  carbons. 

Dense  shadows  are  cast  by  the  side  rods  and  the  lower  carbon,  while  the 
light  is  objectionably  strong  in  the  vicinity  of  the  pole. 

With  the  enclosed  arc  the  mean  spherical  candle-power  and  the  watts 
consumed  at  the  arc  arc  fairly  constant. 

No  shadows  are  cast  by  the  lamps,  and  the  illumination  is  not  subject  to 
such  wide  variations.  The  enclosed  arc  is  much  superior  to  the  open  arc  using 
the  same  amount  of  energy.  This  applies  to  the  open  arc  as  it  is  now  used. 
With  proper  reflection  and  diffusion  of  the  light  such  as  might  be  accomplished 
by  extensive  or  special  shading,  we  ought  to  be  able  to  get  as  good  distribution 
from  the  open  arc  with  a  greater  total  amount  of  illumination. 

In  comparing  tlie  direct-current  with  the  alternating-current 
enclosed  arc,  we  see  that  the  direct-current  arc  gives  slightly  more  light 
than  the  alternating  lamp,  but  this  may  be  more  than  counterbalanced 
by  the  better  distribution  of  light  from  the  alternating-current  lamp. 
The  selection  of  A,C.  or  D.C.  enclosed  lamps  will  usually  depend  on 
other  conditions,  such  as  method  of  distribution  of  power,  efficiency 
of  plant,  etc. 
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TABLE  XIX 
Street- Lamp  Data 


Lamp 

Amperes 

Approx. 
Watts  at 

Lamp 
Terminals 

Approx. 
Value  of 

X   AB 

Proposed 

D.  C.  Scries,  open  arc,  clear  globe 

D.  C.  Series,  enclosed,  clear  outer  globe 

Opalescent  inner  globe,  street  reflectors 

A.  C.  Series  as  above 
D.  C.  Series  "Magnetite" 

i6.6 
(9.6 
j5.0 
(6.6 
(5.5 
U.6 
(7.5 

4.0 

330 
450 
370 
480 
345 
430 
480 

310 

3.5 

4 

3.5 

4 

3 

3.5 

4 

5.5     . 

The  question  of  street  lighting  has  been  given  considerable 
attention  by  the  National  Electric  Light  Association  and  this  society 
recommends  the  following  form  of  specification  for  street  lights: 

1.  Under  ordinary  conditions  of  street  lighting,  with  lamps  spaced  200 
to  600  f^et  apart,  specifications  for  street  lamps  should  define  the  mean  illumi- 
nation thrown  by  the  individual  lamp,  in  position  in  the  street,  as  measured  at 
the  height  of  the  observer's  eye  and  perpendicular  to  the  rays,  at  some  point 
not  less  than  200  feet  nor  more  than  300  feet  distant,  along  a  level  street,  from 
a  position  immediately  below  the  lamp,  with  all  extraneous  light  screened  off 
and  with  no  reflection  from  surrounding  objects  not  forming  part  of  the  lamp 
equipment. 

2.  When  using  smaller  units  of  light,  such  as  series  incandescent  lamps 
spaced  shorter  distances  apart,  a  correspondingly  shorter  distance  from  the 
lamp  should  be  chosen  in  measuring  the  illumination. 

3.  The  lamp  contracted  for  should  give  a  mean  normal  illumination  at 
the  test  point  (selected  as  in  Sections  1  and  2)  not  less  than  the  illumination 
given  by  the  stationary  standard  incandescent  lamp  of  16  candle-power  at  1/X 
of  the  distance.  The  said  standard  incandescent  lamp  should  be  a  stand- 
ardized seasoned  lamp  having  a  determined  candle-ix>wer  in  a  fixed  direction. 

4.  When  the  lamp  tested  fluctuates  in  intensity,  a  number  of  observa< 
tions  of  the  maximum  normal  illumination  should  be  made  at  a  distance  of  not 
less  than  200  feet  horizontally  from  beneath  the  lamp,  and  the  average  of  these 
measurements  should  be  taken  as  the  average  maximum  illumination.  A 
similar  number  of  observations  of  the  minimum  normal  illumination  should  be 
made,  the  average  of  which  should  be  taken  as  the  average  minimum  illumi- 
nation. The  arithmetical  mean  of  the  said  average  maximum  and  minimum 
illuminations  should  be  taken  as  the  mean  normal  illumination  called  for  in 
Section  1. 

5.  A  reasonable  number  of  the  lamps  covered  by  the  contract  should 
be  tested. 

G.  For  measuring  the  mean  normal  illumination  of  a  lamp,  comparison 
with  the  standard  incandescent  lamp  may  be  made  either  with  a  suitable  portable 
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photometer  or  with  a  reading  distance  instrument ,  such  as  the  so-called  lumi- 
nometer. 

7.  The  unobstructed  mean  normal  illumination  must  not  be  less  at 
shorter  distances  than  at  the  point  of  test. 

8.  An  approximate  value  of  the  mean  normal  illuminations  thrown  by 
street  lamps  of  standard  manufacture,  at  horizontal  distances  within  the  200- 
300-foot  range,  hung  approximately  20  feet  above  the  observer's  eye,  may  be 
determined  from  Table  XIX. 

Series  incandescent  lamps  are  used  considerably  for  lighting 
the  streets  in  residence  sections  of  cities  or  where  shade  trees  make 
it  impracticable  to  use  arcs.  These  vary  in  candle-power  from  16 
to  50  or  even  higher,  and  are  usually  constructed  so  as  to  take  from 
two  to  four  amperes.  The  best  arrangement  of  these  is  to  mount 
them  on  brackets  a  few  feet  from  the  curb,  with  alternate  lamps  on 
opposite  sides  of  the  street.  The  distance  between  the  lamps  depends 
on  their  power.  50  candle-power  lamps  spaced  100  feet  between 
lamps,  give  a  minimum  illumination  of  .02  foot-candle.  25  candle- 
power  lamps  spaced  75  feet  between  lamps  will  serve  where  economy 
is  necessary. 

TABLE  XX 


Clear  glass 

Alabaster  glass 
Opaline  glass . . 
Ground  glass . . 

Opal  glass 

Milky  glass . . . . 
Ground  glass . . 

Opal  glasis 

Opaline  glass . . 


.  Per  Cent 


10 

15 
20-40 
25-30 
25-60 
30-60 

24.4 

32.2 

23 


SHADES  AND  REFLECTORS 

Lamps,  as  ordinarily  constructed,  do  not  always  give  a  suitable 
distribution  of  light,  while  the  intrinsic  brightness  is  often  too  high 
for  interior  lighting.  Shades  are  intended  to  modify  the  intensity 
of  the  light,  while  reflectors  are  used  for  the  purpose  of  changing  its 
direction.  Frequently  the  two  are  combined  in  various  ways.  Shades 
are  also  used  for  decorative  purposes,  but,  if  possible,  these  should 
be  of  such  a  nature  as  to  aid  illumination  rather  than  to  reduce  its 
efficiency. 
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A  considerable  amount  of  light  is  absorbed  by  the  material  used 
for  the  construction  of  shades.  Table  XX  shows  the  approximate 
amount  absorbed  by  some  materials. 

Of  the  great  number  of  styles  of  shades 
and  reflectors  in  use,  only  a  few  of  the  more 
important  will  be  considered  here. 

Frosted  Globes.  One  of  the  simplest 
methods  of  shading  incandescent  lamps  is  by 
the  use  of  frosted  bulbs.  These  serve  to 
reduce  the  intrinsic  brightness  of  the  lamp,  and 
should  be  freely  used  for  residence  lighting 
when  separate  shades  are  not  installed.  Frosted 
globes  are  also  used  in  connection  with  reflec- 
tors for  the  purpose  of  diffusing  the  reflected 
light.  The  McCreary  shade  as  shown  in  Fig. 
62,  is  an  example  of  such  a  combined  shade 
and  reflector.  Fig.  63  shows  the  distribution 
curve  taken  from  an  incandescent  lamp  using 
a  McCreary  shade.  Fig.  64  shows  the  distribution  of  light  from  a  con- 
ical shade.  Fig.  56  shows  the  distribution  of  light  brought  about  by 
means  of  a  spiral  filament  and  a  reflector  as  used  in  the  Meridian  lamp. 


Fig.  62.    McCreary  Shade. 


AZ  C.P. 


Pfg.  63.    Distribution  Curve  for  Incan- 
descent Lamp  Provided  with 
McCreary  Shade. 


Fig.  64.    Distribution  Curve  for  Incan- 
descent Lamp  Provided  with 
Conical  Sliade. 
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Holopliane  Olobes.  These  are  made  for  both  reflecting  and 
diffusing  the  light,  and  they  can  be  made  to  bring  about  almost  anv 
desired  distribution  with  but  a  small  amount  of  absorption  of  light. 
These  consist  of  shades  of  clear  glass  having  horizontal  grooves 
forming  surfaces  which  change  the  direction  of  light  by  refraction  or 
total  reflection  as  is  necessary.  The  diffusion  of  light  is  effected  by 
means  of  deep,  rounded,  vertical  grooves  on  the  interior  surface  of 
the  globe.  While  these  globes  are  of  clear  glass  and  absorb  an  amount 
of  light  corresponding  to  clear  glass,  the  light  Is  so  well  diffused  that 
the  filament  of  the  lamp  cannot  be  seen,  and  the  globe  appears  as  if 


Pig.  GS.     EtirlostKl  ;^rc  X>amp  Pitted  with  Shade  and  Concentric  DltTiiser. 

made  of  some  semi-transparent  material.  The  holophane  glassware 
is  made  in  a  large  variety  of  artistic  designs  and  for  all  types  of  in- 
candescent lamps.  By  the  proper  selection  of  a  reflector  the  dis- 
tribution of  the  light  of  the  unit  used  may  be  made  that  which  is  best 
suited  to  the  particular  case  of  lighting  in  hand.  Figs.  9,  13,  14, 
15, 16, 17,  and  18  give  some  idea  of  what  can  be  accomplished  by  tlicse 
shades. 

Fig,  05  shows  an  enclosed  arc  lamp  fitted  with  a  shade  and  a 
concentric  dimmer.  The  effect  of  this  combination  is  best  shown 
in  Fig.  GO.  Fig.  07  shows  the  change  in  the  illumination  curve  pro- 
duced by  such  shading.     Inverted  arcs  have  some  application  where 
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rii;.  66.     Diagram  Showtae  Effect  ol  the  Concentric  DUTuser. 

the  light  may  be  readily  reflected  and  dilTused  as  in  lighting  large 
rooms  with  light  finish.  Reflectors  of  this  general  type  areiiow  being 
manufactured  in  such  a  form  that  they  may  be  built  in  and  become 
part  of  the  ceiling  of  the  room  to  be  illuminated. 


Cl>SS    SHAOCS. 
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Fig.  67.     Illuinlnatlcin  CurTea  for  Lamps  vlthond  nlthout  Light  DilTuBera. 
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Opal  Enclosing  Globes.  The  use  of  opal  enclosing  globes  is 
recommended  for  arc  lamps  used  for  street  lighting  for  the  reason 
that  they  change  the  distribution  of  the  light  so  that  it  covers  a  greater 
area,  and  the  light  is  so  diffused  as  to  obliterate  shadows  in  the  vicinity 
of  the  lamp.  Table  XXI  gives  the  efficiency  of  different  globe  com- 
binations for  street  lighting  assuming  the  opal  inner  and  the  clear 
outer  globes  as  lOO^I- 

TABLE  XXI 


O  pal  enclosing  and  clear  outer 
Clear  "       '  "    clear      "      . 


t(  <*  *i         ^^n1  <' 


opal 


Opal  "  "    opal       "      82.7 


100      per  cent 
91.2 
85.1 


it 
It 


PHOTOMETRY 

Photometry  is  the  art  of  comparing  the  illuminating  properties 
of  light  sources,  and  forms  one  branch  of  scientific  measurement. 
Its  use  in  electric  illumination  is  to  determine  the  relative  values  of 
different  types  of  lamps  as  sources  of  illumination,  together  with  their 
efficiency;  also  by  means  of  the  principles  of  photometry,  we  are  able 
to  study  the  distribution  of  illumination  for  any  given  arrangement 
of  light  sources. 

LIGHT  STANDARDS 

Inasmuch  as  sources  of  light  are  compared  with  one  another  in 
photometry,  we  must  have  some  standard,  or  unit,  to  which  all  light 
sources  are  reduced.  This  unit  is  usually  the  candle-power  and  the 
rating  of  most  lamps  is  given  in  candle-power. 

While  the  candle-power  remains  the  unit  and  is  based  on  the 
standard  English  candle,  other  light  standards  have  been  introduced 
and  are  much  more  desirable. 

The  English  Candle.  The  English  candle  is  made  of  spermaceti 
extracted  from  crude  sperm  oil,  with  the  addition  of  a  small  quantity 
of  beeswax  to  reduce  the  brittleness.  Its  length  is  ten  inches,  and  its 
diameter  .9  inch  at  the  bottom  and  .8  inch  at  the  top,  and  its  weight 
is  one-sixth  of  a  pound.  Great  care  is  taken  in  the  preparation  of 
the  wick  and  spermaceti.  This  candle  burns  with  a  normal  height 
of  flame  of  45  millimeters  and  consumes  120  grains  per  hour  when 
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burning  in  dry  air  at  normal  atmospheric  pressure.  Under  these 
conditions,  the  light  given  by  a  single  candle  is  one  candle-power. 

When  used  for  measurements,  the  candle  should  be  allowed  to 
burn  at  least  fifteen  minutes  before  taking  any  readings.  At  the  end 
of  this  period  the  wick  should  be  trimmed,  if  necessary,  and  when  the 
flame  height  reaches  45  millimeters,  readings  can  be  taken.  The 
candle  should  not  require  trimming  when  the  proper  height  of  flame 
has  been  reached.  It  is  best  to  weigh  the  amount  of  material  con- 
sumed by  balancing  the  candle  on  a  properly  arranged  balance  when 
the  first  reading  is  taken,  and  again  balancing  at  the  end  of  a  suitable 
period — ten  to  fifteen  minutes.  The  candle-power  of  the  unit  is 
then,  practically,  directly  proportional  to  the  amount  of  the  material 
consumed. 

The  objections  to  the  candle  as  a  unit  are  that  it  burns  with  an 
open  flame  which  is  subject  to  variation  in  height  and  to  the  effect  of 
air  currents.  The  color  of  the  light  is  not  satisfactory,  being  too 
rich  in  the  red  rays,  and  the  composition  of  the  spermaceti  is  more  or 
less  uncertain. 

The  German  Candle  is  made  of  very  pure  paraffine,  burns 
with  a  normal  flame  height  of  50  millimeters,  and  is  subject  to  the 
same  disadvantages  as  the  English  candle.  It  may  be  necessary  to 
trim  the  wick  to  keep  the  flame  height  at  50  millimeters.  The  light 
given  is  a  trifle  greater  than  for  the  spermaceti  candle. 

The  Carcel  Lamp  is  built  according  to  very  careful  specifications 
and  burns  colza  (rape  seed)  oil.  It  has  been  used  to  a  large  extent 
in  France,  but  its  present  application  is  limited. 

The  Pentane  Lamp  is  a  specially  constructed  lamp  burning 
pentane,  prepared  by  the  distillation  of  gasoline  between  narrow 
limits  of  temperature.     This  standard  is  not  extensively  used. 

The  Amyl  Acetate  Lamp.  This  lamp,  known  also  as  the  Hefner 
lamp,  is  at  present  the  most  desirable  standard.  It  is  a  lamp  built 
to  very  careful  specifications,  especially  with  regard  to  the  dimension 
of  the  wick  tube.  It  burns  pure  amyl  acetate  and  the  flame  height 
should  be  40  millimeters.  This  flame  height  must  be  very  carefully 
adjusted  by  means  of  gauges  furnished  with  the  lamp.  Amyl  acetate 
is  a  colorless  hydrocarbon  prepared  from  the  distillation  of  amyl 
alcohol  obtained  from  fusil  oil,  with  a  mixture  of  acetic  and  sulphuric 
acids,  or  by  distillation  of  a  mixture  of  amyl  acetate,  sulphuric  acid, 
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and  potassium  acetate.  It  has  a  definite  composition,  and  must  be 
pure  for  this  use. 

The  most  serious  disadvantage  of  this  standard  is  the  color  of 
the  light,  inasmuch  as  it  has  a  decidedly  red  tinge  and  is  not  readily 
compared  with  whiter  lights.  Its  value  is  affected  somewhat  by  the 
moisture  in  the  air  and  the  atmospheric  pressure,  but  it  excels  all  other 
standards  in  that  it  is  quite  readily  reproduced. 

Table  XXII  gives  the  value  of  the  candle-power  units  of  different 
laboratories  in  terms  of  the  unit  of  the  Bureau  of  Standards  and  also 
the  values  of  the  units  of  the  Carcel  and  Vernon-Harcourt  in  terms  of 
the  Hefner,  as  accepted  by  the  International  Photometric  Commission. 

TABLE  XXII 
Photometric  Units 


Bureau  of  Standards  Unit,  United  States 
I   Reichsanstalt  Unit,  Germany- 
National  Physical  Laboratory  Unit,  England 
Laboratoire  Central  Unit,  France 


1.000 

0,998   X  O.&S 

0.984 

0.982 


Carckl 

Hefner 

VflRNON-- 

Harcourt 

Carcel 

Hefner 

Venion-Hiirrourl  (peiitane) 

1.00 

O.OO.JO 

1.020 

10 . 7.) 

1.00 

10.95 

0.980 

0.0915 

1.0 

The  above  values  are  at  a  barometric  pressure  of  760  mm.  of  mercury  and  a  humid- 
ity for  the  Carcel  and  Vernon-Harcourt  standards  of  10.0  liters  of  water  per  cubic  meter 
of  dry  air.  The  humidity  for  the  hefner  unit  is  8.8  liters  of  water  to  one  cubic  meter 
of  dry  air. 

Working  Standards.  Incandescent  Lamp.  The  units  just  de- 
scribed, together  with  some  others,  form  reference  standards,  but  an 
incandescent  lamp  is  generally  used  as  the  working  standard  in  all 
photometers.  An  incandescent  lamp,  when  used  for  this  w^ork,  should 
be  burned  for  about  two  hundred  hours,  or  until  it  has  reached  the 
point  in  the  life  curve  where  its  value  is  constant,  and  it  should  then 
be  checked  by  means  of  some  standard  when  in  a  given  position  and 
at  a  fixed  voltage.  It  then  serves  as  an  admirable  w^orking  standard 
if  the  applied  voltage  is  carefully  regulated.  Two  such  lamps  should 
always  be  used — the  one  to  serve  as  a  check  on  the  other;  the  checking 
lamp  to  be  used  for  very  short  intervals  only. 
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PHOTOMETERS 

Two  light  sources  are  compared  by  means  of  a  photometer 
which,  in  one  of  its  simplest  forms,  consists  of  what  is  known  as  a 
Bunnell  screen  mounted  on  a  carriage  between  the  two  lights  being 
compared,  with  its  plane  at  right  angles  to  a  line  passing  through 
the  light  sources,  and  arranged  with  mirrors  or  prisms  so  that  both 
sides  of  the  screen  may  be  observed  at  once.  The  Bunsen  screen 
coasists  of  a  disk  of  paper  with  a  portion  of  either  tlie  center,  or  a 
section  around  the  center,  treated  with  parafSne  so  as  to  render  it 
translucent.  If  the  light  falling  on  one  side  of  this  screen  is  in  ex- 
cess, the  translucent  spot  will  appear  dark  on  tliat  side  of  the  screen 
and  light  on  the  opposite  side. 
Care  must  be  taken  to  see  that 
the  two  sides  of  the  screen  are 
exacrty  alike,  otherwise  there  will 
be  an  error  introduced  in  using 
the  screens.  It  is  well  to  reverse 
the  screen  and  check  readings 
whenever  a  new  lot  of  lamps  are 
to  be  tested.  Wlien  the  light 
falling  on  the  two  sides  of  the 
screen  is  the  same,  the  trans- 
parent spot  disappears.  The 
values  of  the  two  light  sources  are 
then  directly  proportional  to  the 
square  of  their  distances  from  the 
screen.  As  an  example,  consider  a  16  candle-power  lamp  being 
compared  with  a  standard  candle  on  a  photometer  with  a  300-centi- 
meter bar.  Say  the  translucent  spot  disappears  when  the  screen 
is  distant  00  centimeters  from  the  standard  candle,  we  then  have 
the  proportion, 

a:  :  1  =  (240)^  :  (00)^  =  16  :  1, 

showing  that  the  lamp  gives  16  candle-power. 

The  above  law  is  known  as  the  law  of  inverse  squares,  and  holds 
true  only  when  the  dimensions  of  the  light  sources  are  small  com- 
pared with  the  distance  between  them,  and  when  there  are  no  reflecting 
surfaces  present  as  when  the  readings  are  taken  in  a  dark  room. 


Fig.  68.      Proof  of   the   Law    of    Inverse 
Squares  by  the  Metluxl  of  Con- 
centric Sphereti. 


407 


f^O 


ELECTRIC  LIGHTING 


The  proof  that  the  light  varies  inversely  with  the  square  of  dis- 
tance from  the  source  is  as  follows: 

Consider  two  spherical  surfaces,  Fig.  68,  Illuminated  by  a  source 
of  light  at  the  center.  The  same  quantity  of  light  falls  on  both  sur- 
faces. 

Area  of  S    =  4itR^  sq.  ft.  (R  is  in  feet.) 
Area  of  S^  —  ^'rrR^^  sq.  ft. 
I>et  Q  =  total  quantity  of  light  and  q  =  light  falling  on  unit 
surface.     Then, 


9  = 


Q 


47r/l= 


^'        ^7rR\ 


A7rR\  :  47riJ5 
R^ 


Fig.  69  shows  the  relation  in  another  way.  The  area  of  C,  dis- 
tant two  units  from  the 
source  of  light  A,  is  four 
times  that  of  B  which  is 
distant  one  unit. 

The  Lummer-Brodhun 
Photometer.  In  addition 
to  the  Bunsen  screen  de- 
scribed, there  are  several 
other  forms  of  photom- 
eters, the  most  important 

Fig.  69.     Proof  of  the  Law  of  Inverse  Squares  by      •      i.«  i_    •       i       t 

Method  of  Screen  Shadow.  Ot  Whlch  IS   the  Lummer- 

Brodhun.  The  essential 
feature  of  this  instrument  is  the  optical  train  which  serves  to  bring 
Into  contrast  the  portions  of  the  screen  illuminated  by  the  two  sources 
of  light.     Referring  to  Fig.  70  the  screen  S  is  an  opaque  screen  which 
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reflects  the  light  falling  upon  it  from  L,  to  the  niirror  M,  when  it  is 
again  reflected  to  the  pair  of  glass  prisms  Ay  B.  The  surfaces  sr  are 
ground  to  fit  perfectly  and  any  light  falling  on  this  surface  will  pass 
through  the  prisms.  Light  falling  on  the  surface  ar  or  bs  will  be  re- 
flected as  shown  by  the  arrows.  We  see  then  that  the  light  from  L, 
which  falls  on  ar  and  bs,  is  reflected  to  the  eye  piece  or  telescope  T, 
while  that  falling  on  sr  is  transmitted  to  and  absorbed  by  the  black 
interior  of  the  containing  box.    Likewise,  the  light  from  the  screen 


Fig.  70.     Diagram  of  Lummer-Brodhiin  Screen. 

Lj  is  reflected  by  the  screen  M^  to  the  pair  of  prisms  A,  B.  The 
rays  falling  on  the  surface  sr  pass  through  to  the  telescope  T,  while 
the  rays  falling  on  ar  and  bs  are  reflected  and  absorbed  by  the  black 
lining  of  the  case.  The  field  of  light,  as  then  viewed  through  the 
telescope,  appears  as  a  disk  of  light  produced  by  the  screen  L^,  sur- 
rounded by  an  annular  ring  of  light  produced  by  L.  Wlien  the 
illumination  on  the  two  sides  of  the  screen  is  the  same,  the  disk  and 
ring  appear  alike  and  the  dividing  circle  disappears.    . 

In  using  this  screen,  it  is  mounted  the  same  as  the  Bunsen  screen 
and  readings  are  taken  in  the  same  manner.  The  screen  and  prisms 
are  arranged  so  that  they  can  be  reversed  readily  and  two  readings 
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should  always  be  taken  to  compensate  for  any  inequalities  in  the  sides 
of  the  screen  and  the  reflecting  surfaces,  a  mean  of  the  two  readings 


Tin-  71-    Complete  PboMmeter  with  LummO'-Ilrodhun  Screen. 

serving  as  the  true  reading.     This  form  of  screen  is  used  when  es- 
pecially accurate  comparisons  are  required. 

Fig.  71  shows  a  complete  photometer  with  a  Lummer-Brodbun 
screen,  while  Fig.  72  shows  a  Bunsen  screen  and  sight  box.  In  Fig, 
71,  the  lamps  are  shaded  by  meaas  of  curtains  so  as  to  leave  only  a 
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small  opening  towanl  the  screen.  If  the  lights  are  properly  screened 
photometric  measurements  may  be  made  in  rooms  having  light- 
colored  walls. 


FiH.  72.    BiinBen  Sfreen  and  Sight  Boi. 

The  Weber  Photometer.    As  an  example  of  a  portable  type  of 
photometer,  we  have  the  Weber.    This  photometer,  shown  in  Fig.  73, 
is  very  compact  and  is  especially  adapted  to  measuring  intensity  of 
illumination   as   well   as 
the  value  of  light  sources; 
it  may  be  used  for  ex- 
ploring the  illumination 
of  rooms  or  the  lighting 
of  streets. 

This  apparatus  con- 
sists of  a  tube  A,  Fig.  74, 
which  is  mounted  hori- 
zontally and  contains  a 
circular,  opal  gla^  plate 
/,  which  is  movable  by 
means  of  a  rack  and 
pinion.  To  this  screen  is 
attached  an  index  finger 
which  moves  over  a  scale 
attached  to  the  outside  of 
the  tube.  A  lamp  L, 
burning  benzine,  is  mounted  at  the  end  of  this  tube.  The  benzine 
used  should  be  as  pure  as  possible,  and  the  Hame  height  should  be 


Fig.  73.     Weber  Portable  Photomeler. 
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carefully  adjusted  to  20  mm.  when  taking  readings.  At  right  angles 
to  the  tube  A  is  mounted  the  tube  B  which  contains  an  eye  piece  at 
O,  a  Lummer-Brodhun  contrast  prism  at  p,  and  a  support  for  opal  or 
colored  glass  plates  at  g. 

Operation.  The  tube  B  is  turned  toward  the  source  of  light  to 
be  measured,  the  distance  from  the  light  to  the  screen  at  g  being  noted. 
The  light  from  this  source  is  diffused  by  the  screen  at  g,  while  that 
from  the  standard  is  diffused  by  the  screen  /.  By  moving  the  screen 
/,  the  light  falling  on  either  side  of  the  prism  p  can  be  equalized. 
The  value  of  the  unknown  source  can  be  determined  from  the  reading 
of  the  screen  /,  the  photometer  having  previously  been  calibrated  by 

means  of  a  standard  lamp 
in  place  of  the  one  to  be 
measured.  The  calibra- 
tion may  be  plotted  in  the 
form  of  a  curve  or  it  mav  be 
denoted  by  a  constant  C, 
when  we  have  the  formula. 


B 


Q 


Q 


'■I I'l 


JllU 


'i'i''''''' 


/'  =  C 


E 

I- 


FIj?.  74.     Dlapram  of  Weber  Photometer. 


C  corresponds  to  a  par- 
ticular plate  at  gr,  /  =  dis- 
tance of  screen  /  from  the 
benzine  lamp,  and  L  =  dis- 
tance from  the  screen  g  to 
the  light  source  being 
measured.  Screens  of  dif- 
ferent densities  may  be 
used  at  g,  depending  on 
the  strength  of  the  light  source. 

WTien  used  for  measuring  illumination,  a  white  screen  is  used 
in  connection  w^ith  this  photometer.  The  screen  is  mounted  in  front 
of  the  opening  at  g,  and  turned  so  that  it  is  illuminated  by  the  source 
being  considered.  Readings  of  the  screen  /  are  taken  as  before.  A 
calibration  curve  is  plotted  for  the  instrument,  using  a  known  light 
source  at  a  known  distance  from  the  white  screen  when  the  instru- 
ment is  mounted  in  a  dark  room. 
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Portable  Photometers.     There  is  a  large  variety  of  portable 
photometers  available  and  giving  more  or  less  satisfactory  results. 
An  instrument  especially  designed  with  a  view  to  portability  and  to 
overcoming  some  of  the 
defects    of     instruments 
already  on    the    market 
has  recently  been  intro- 
duced.   The  instrument 
referred    to  is  called  a 
Universal  photometer  but 
it  is  more  commonly 

known     as     the     Sharp-  ^"^  ''     U.lvemI  Photometer. 

Millar  photometer  from  the  names  of  its  inventors.  Views  of  this 
instrument  are  shown  in  Figs.  75  and  7fi.  It  is  adapted  to  the  meas- 
urement of  the  intensity  of  light  sources  as  well  as  to  the  illumination 
at  any  point,  as  is  the  Weber  photometer.  The  photometer  screen 
or  photometric  device  is  sliown  at  B,  and  eoasists  of  a  special  form  of 


Fig.  TO.     Sertlotisl  View  of  UnlTersal  Photometer. 


Lummer-Brodhun  optical  screen.  A  standardized  incandescent 
lamp  C  is  used  as  the  photometric  standard  and  this  may  be  con- 
nected to  a  battery,  or  be  adapted  to  use  on  the  mains  supplying  the 
lamps  in  the  room  where  measurements  are  to  be  taken.  All  stray 
light  is  carefully  screened  from  the  interior  of  the  box  by  a  series  of 
screens  G.  The  instrument  scale  is  calibrated  in  foot-candles  and  in 
candle-powers. 
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When  illumination  is  to  be  measured,  a  specially  selected  trans- 
luscent  screen  is  placed  at  A  and  the  illumination  of  this  plate,  which 
is  placed  at  the  point  and  in  the  plane  where  the  value  of  the  illumi- 
nation is  desired,  is  reflected  to  the  photometric  device  by  the  mirror 
at  H.  A  second  plate  K  is  mounted  so  as  to  be  illuminated  by  the 
standard  lamp  and  the  photometer  is  balanced  by  making  the  illumi- 
nation of  A  and  K  the  same.  When  the  intensity  of  a  light  source 
is  to  be  determined,  the  screen  at  A  is  replaced  by  a  small  aperture 
and  a  diffusing  surface  /  is  put  in  place  of  the  mirror  H.  The  illumi- 
nation of  /  is  now  compared  with  the  illumination  of  K,  and  when 
the  two  are  made  equal,  the  photometer  reads  the  candle-power  of  the 
light  source,  or  some  multiple  of  this  candle-power.  The  range  of 
this  instniment  is  increased  by  the  use  of  suitably  arranged  absorbing 
screens  wl^ich  may  be  readily  inserted  or  removed,  and  as  ordinarily 
equipped,  the  range  in  foot-candles  is  approximately  from  .004  to 
2,000.  The  variety  of  uses  which  can  be  made  of  such  a  photometer 
is  large,  and  some  idea  of  its  portability  can  be  obtained  from  the 
dimensions  of  the  box,  24^^  x  4^"  x  5",  and  its  weight,  fully  equipped, 
of  8  pounds.     It  is  very  accurate  considering  its  compactness. 

Integrating  Photometers*  Matthews,  This  photometer  is  used 
to  some  extent  and  a  very  good  idea  of  its  construction  can  be  ob- 
tained from  Fig.  77.  By  means  of  a  system  of  mirrors,  the  light 
given  by  the  lamp  in  several  directions  may  be  integrated  and  thrown 
on  the  photometer  screen  for  comparison  with  the  standard,  the  result 
giving  the  mean  spherical  candle-power  from  one  reading.  By  cover- 
ing all  but  one  pair  of  screens,  the  light  given  in  any  one  direction 
is  easily  determined. 

Another  type  of  integrating  photometer  is  known  as  the  inte- 
grating sphere  or  globe  photometer.  If  a  light  source  is  placed  within 
a  sphere,  the  interior  walls  of  w^hich  are  coated  with  a  white  diffusing 
surface,  the  illumination  of  that  surface  at  any  point  is  due  partly 
to  the  light  falling  on  it  directly,  and  partly  to  the  light  reflected  from 
the  remainder  of  the  surface  of  the  sphere.  The  reflected  light  is 
proportional  to  the  total  flux  of  light  from  the  light  source  and  so, 
if  the  direct  light  is  screened  from  the  point  considered,  its  illumina- 
tion is  proportional  to  the  total  flux  of  light,  and  hence  to  the  mean 
spherical  candle-power  of  the  light  source. 

The  practical  application  of  this  principle  is  to  so  arrange  our 
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properly  coated  sphere  that  the  lamp  to  be  tested  may  be  readily 
inserted;  to  replace  a  small  portion  of  the  sphere  by  a  piece  of  un- 
polished white  glass;  to  shut  off  the  direct  rays  of  the  lamp  to  be 


fig.  77.     IiilCKrutliiK  Photometer. 

measured  from  thi.s  glass  surface;  and  to  so  mount  u  photometer 
screen  and  standard  lamp  that  the  illumination  of  the  glass  section 
can  be  measured.  Under  these  conditions  the  illumination  of  the 
glass  screen  Is  proportional  to  the  mean  spherical  candle-power  of  the 
tamp  under  test.     A  substitution  method  is  used  in  practice.     A 
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standardized  lamp  of  the  general  type  of  the  one  to  be  tested  is  mounted 
in  the  sphere  and  the  constant  of  the  instrument  for  this  type  of  lamp 
13  determined.  The  unknown  lamps  are  then  put  in  place  and  their 
candle-power  is  readily  determined,  once  the  constant  of  the  instru- 
ment is  knowa.     Figs.  78  and  79  give  some  views  of  the  integrating 


ilg.  78.    Klghteeu-Inch  lotegratlug  Sphere  Equipped  with  Fliotometcr. 

sphere  and  indicate  the  range  of  the  sizes  in  which  it  may  be  coa- 
structed. 

INCANDESCENT  LAMP  PHOTOMETRY 
Apparatus.  Some  sort  of  screen,  either  the  Bunsen  tjpe  or  the 
Lummer-Brodhun  screen  preferred,  should  be  mounted  on  a  carriage 
moving  on  a  suitable  scale,  and  the  lamp  holders,  one  for  the  standard, 
the  other  fur  the  lamp  to  be  tested,  are  mounted  at  the  ends  of  this 
scale.  There  are  several  types  of  so-called  station  photometers 
arrangcil  so  as  to  be  very  convenient  for  testing  incandescent  lamps. 
Fig.  8!)  shows  one  form  of  station  photometer  manufactured  by 
Queen  &  Co,  The  controlling  rheostats  and  shielding  curtains  are 
not  shown  here.    Fig.  SI  shows  a  form  of  portable  photometer  for 
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incandescent  lamps.  The  length  of  scale  should  not  be  less  than 
100  centimeters,  and  150  to  200  centimeters  is  preferred.  This  scale 
may  be  divided  into  centimeters  or,  for  the  purpose  of  doing  away 
with  much  of  the  calculation,  the  scale  may  be  a  proportional  scale. 
This  scale  is  based  on  the  law  of  inverse  squares  and  reads  the  inverse 
ratio  of  the  squares  of  the  distances  from  the  two  lights  being  compared. 


Fig.  79.     Interior  nt  SO-Inch  IntegTBtlng  Sphere. 

If  the  standard  used  always  has  the  same  value,  the  scale  may  be 
made  to  read  in  candle-powers  directly. 

For  mean  liorizontal  candle-power  measurements,  the  lamp 
should  be  rotated  at  ISO  revolutions  per  minute,  when  mounted  in  a 
vertical  position. 

For  distribution  curves  a  universal  lamp  holder  which  will 
allow  the  lamp  to  t>e  placed  in  any  position,  and  which  indicates  this 
position,  is  used. 

For  mean  spherical  candle-power,  the  following  nietliod  is  used 
when  the  Matthews  photometer  is  not  available: 
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The  lamp  is  placed  in  an  adjustable  holder  aad  readings  taken 
with  the  lamp  in  thirty-eight  positions,  as  follows : 

The  measurement  of  the  spherical  intensity.  For  convenience 
the  tip  of  the  lam^  and  its  base  may  be  termed  the  north  and  south 
poles  respectively 


Fig,  SO.    station  FhoCometer. 

The  mean  of  13  readings  taken  at  intervals  o[  30°,  is  taken  to  give  the 
mean  horizontal  candle-power. 

Beginning  again  at  0°  azimuth,  thirteen  readings  are  made  in  the  prime 
meridian  or  vertical  circle,  the  interval  again  being  30°,  and  the  last  reading 
checking  the  first. 


Fig.  81.    Portable  Pbotoniet^tr  tor  IiioancJescent  LamiM. 

It  will  be  noticed  that  four  readings,  two  being  check  readings,  have  been 
made  at  0°  azimuth  in  each  case.  The  mean  of  the  four  is  taken  as  the  standard 
reading,  it  being  the  value  of  the  intensity,  in  thia  position,  should  the  lamp  be 
used  as  a  standard. 

Additional  sets  of  thirteen  readings  each — the  last  reading  checking  the 
first  one — arc  similarly  made  on  each  of  the  vertical  circles  through  45°,  90^i 
and  135°  azimuth. 
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In  combining  the  readings  for  the  mean  spherical  intensity,  a  note  is 
taken  of  the  repetitions. 

Neglecting  the  repetitions,  which   may  also  be  omitted  in  part,  in  the 
practice  of  the  method,  there  remain  thirty-eight  points,  as  follows: 

dzstbibuted 
Valubs 

The  mean  of  four  measurements  at  the  north  pole  of  the  lamp 1 

Four  measurements  on  each  of  the  vertical  circles  through  0°  and  90** 

azimuth  at  vertical  circle  readings  of  60^  120^,  240^,  and  300^.. . .       8 
Four  measurements  on  each  of  the  vertical  circles  through  0^,  45^,  90^, 

and  135^  azimuth  at  vertical  circle  readings  of  30°,  150°,  210°,  and 

330° 16  . 

Twelve  mesisurements  30°  apart  at  the  equator 12 

Four  null  values  at  the  south  pole  of  lamp 1 

Total  number  of  effective  measurements 38 

The  points  thus  laid  off  on  the  reference  sphere  are  approximately  equi- 
distant,  being  somewhat  closer  together  at  the  equator  than  at  the  poles. 

When  the  lamp  is  rotated,  readings  are  taken  for  each  15°  or  30® 
in  inclination,  from  OP  to  90®,  and  from  0®  to  270°.  These  are  inte- 
grated values  for  their  corresponding  parallels  of  latitude  on  the  unit 
sphere. 

The  mean  spherical  candle-power  from  these  readings  may  best 
be  obtained  by  plotting  a  distribution  curve  from  the  readings,  deter- 
mining the  area  of  this  closed  curve  by  means  of  a  planimeter  and 
taking  the  radius  of  an  equivalent  circle  as  the  value  for  the  mean 
spherical  candle-power. 

The  Bxmsseau  diagram  may  be  used  for  determining  the  mean 
spherical  candle-power  of  a  lamp  when  its  vertical  distribution  curve 
is  known.  Fig.  82  shows  such  a  diagram  made  up  for  a  gem  lamp 
with  a  bowl  reflector.  Where  the  horizontal  distribution  curve  of  the 
lamp  is  not  uniform  the  values  for  the  vertical  distribution  curve 
should  be  taken  with  the  lamp  rotating  so  as  to  give  average  values 
at  each  angle.  One-half  of  the  distribution  curve  is  drawn  to  scale  A 
and  a  circle  B  is  drawn  with  the  source  of  light  0  as  a  center.  Radii 
C  are  drawn  at  equal  angles  about  the  light  source  and  extended  until 
they  intersect  the  circle  B.  The  points  of  intersection  of  these  lines 
with  the  circle  are  projected  upon  the  straight  line  D  E.  Distances 
from  this  line  are  laid  off  on  the  verticals  F  equal  to  the  distances 
from  the  center  of  the  circle  to  the  points  where  the  corresponding 
radii  cut  the  distribution  curve.  The  area  enclosed  between  the 
straight  line  D  E  and  a  curve  drawn  through  the  points  just  deter- 
mined, G II,  divided  by  the  base  line,  is  equal  to  the  mean  spherical 


419 


02  EI.RCTUIC  UGHTIXfi 

candle-power  of  the  lamp.  If  the  mean  candle-power  of  the  lamp 
within  a  certain  angle  is  desired,  it  is  only  necessary  to  find  the  area 
of  the  diagram  within  the  space  indicated  by  that  angle  and  divide 
by  the  corresponding  base. 


/-      ^K 
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'A 


Fig.  82.     Rousseau  DiriKraiii 


li  BonI  Reflertor. 


In  all  tests  the  voltage  of  the  lamp  must  be  very  closely  regulated. 
A  storage  battery  forms  the  ideal  sourec  of  current  for  such  purposes. 
In  testing  incandescent  lamps,  a  standard  similar  to  the  lamp  being 
tested  is  desirable  and  it  shouKI,  preferably,  1m;  connected  to  the  same 
leads.  Any  variation  in  the  voltage  of  the  mains  then  affects  both 
lamps  and  the  error  introduced  is  slight. 
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ARC  LIGHT  PHOTOMETRY 

Owing  to  the  variation  of  the  amount  of  light  given  out  by  an 
arc  lamp  in  one  direction  at  any  time,  due  to  variation  of  the  qualities 
of  the  carbons,  position  of  the  arc,  and  also  on  account  of  the  color 
of  the  light,  etc.,  the  photometry  of  arc  lamps  is  much  more  difficult 
than  that  of  incandescent  lamps.  The  curves  shown  in  Figs.  33  and 
34  are  average  distribution  curves  taken  from  several  lamps  and  will 
vary  considerably  for  any  one  lamp.  If  the  arc  is  enclosed,  this 
variation  is  not  so  great. 

The  working  standard  should  be  an  incandescent  lamp  run  at 
a  voltage  above  the  normal  so  that  the  quality  of  the  light  will  com- 
pare favorably  with  that  of  the  arc.  Since  an  incandescent  lamp 
deteriorates  rapidly  when  run  at  over  voltage,  the  standard  can  be 
used  only  for  short  intervals  and  must  be  frequently  checked. 

Since  an  arc  lamp  can  be  mounted  in  one  position  only,  mirrrors 
must  be  used  to  obtain  distribution  curves.  A  mirror  is  used  mounted 
at  45°  with  the  axis  of  the  photometer,  and  arranged  so  as  to  reflect 
the  arc  when  in  different  positions.  A  mirror  absorbs  a  certain  per 
cent  of  the  light  falling  upon  it  and  this  percentage  must  be  deter- 
mined by  using  lamps  previously  standardized.  The  length  of  the 
photometer  bar  must  include  the  distance  from  the  mirror  to  the  arc. 

The  Weber  photometer  is  well  adapted  to  arc-light  measure- 
ments inasmuch  as  appropriate  screens  may  be  used  to  cut  down 
the  intensity  of  the  light. 

A  special  form  of  the  Matthews  photometer  is  also  used  for 
testing  arc  lamps. 

For  the  comparison  of  the  illumination  from  arc  lamps  as  in- 
stalled in  service,  an  instrument  known  as  an  illuminometer  is  some- 
times used.  This  consists  of  a  light  wooden  box,  readily  portable, 
having  a  black  interior  and  arranged  with  two  openings.  One 
of  these  openings  is  for  the  purpose  of  admitting  light  from  the  source 
being  consic^ered,  to  a  printed  card.  The  other  opening  is  for  the 
purpose  of  viewing  this  card  when  illuminated  by  the  light  source. 
The  printing  on  the  card  is  made  up  from  type  of  different  sizes,  and 
the  smallest  size  which  is  legible,  together  with  the  distance  from  the 
light  source,  is  noted.  Another  method  of  application  is  to  select 
some  definite  size  of  type  and  then  to  move  the  instrument  from  the 
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light  source  to  a  point  where  this  type  is  just  legible  and  note  the  dis- 
tance. From  similar  measurements  taken  on  diflFerent  lamps  a  good 
comparison  may  be  obtained.  Such  an  instrument  is  very  convenient 
to  use,  and  results  obtained  by  different  observers  check  very  closely. 

The  flicker  'photometer  is  used  for  the  comparison  of  different 
colored  lights,  the  basis  for  comparison  being  that  each  light,  though 
different  in  color,  shall  produce  light  sensations  equally  intense  for  the 
purpose  of  distinguishing  outlines.  It  consists,  in  one  form,  of  an 
arrangement  by  means  of  which  a  sectored  disk  is  rotated  in  front  of 
each  light  source,  these  disks  being  so  arranged  that  the  light  from 
one  source  is  cut  off  while  the  other  falls  on  the  screen,  and  vice  i^ersa, 
any  form  of  screen  being  used  for  making  the  comparison.  The  disks 
must  be  revolved  at  such  a  rate  that  the  light,  viewed  from  the  oppo- 
site side,  will  appear  continuous.  When  the  illumination  of  the  two 
sides  of  the  screen,  under  these  conditions,  is  not  the  same,  there  will 
be  a  perceptible  flicker  and  the  screen  should  be  so  adjusted  that  this 
flicker  disappears.  The  value  of  the  light  source  can  then  be  calcu- 
lated from  the  screen  reading  in  the  usual  manner.  Another  de\Tice 
consists  of  the  use  of  a  special  lens  mounted  in  front  of  a  wedge- 
shaped  screen,  the  lens  being  constructed  so  as  to  reverse  the  image 
of  the  two  sides  of  the  screen,  as  viewed  by  the  eye,  when  such  lens 
is  in  front  of  the  screen.  The  lens  is  so  mounted  that  it  can  be  oscil- 
lated rapidly  in  front  of  the  screen,  giving  the  same  result  as  would  be 
obtained  were  it  possible  to  reverse  the  screen  at  such  a  rapid  rate  as 
to  cause  the  illumination  on  the  two  sides  to  appear  continuous.  The 
setting  of  this  screen  is  accomplished  as  with  the  more  simple  forms. 

Still  another  flicker  photometer,  the  Simmance-Abady,  makes 
use  of  a  rotating  wheel.  This  wheel  is  made  of  a  white  material 
having  a  diffusing  surface,  and  its  edge  is  so  beveled  that  during  part 
of  a  revolution  a  surface  illuminated  by  one  of  the  light  sources  is 
viewed  through  the  eye-piece  of  the  instrument,  and  during  the  other 
part  of  the  revolution  a  surface  viewed  by  the  second  light  source  is 
observed.  The  flicker  occasioned  by  this  change  disappears  when 
the  screen  is  brought  to  a  point  where  it  is  equally  illuminated  by  the 
two  light  sources. 

By  the  use  of  such  forms  of  photometers  it  is  found  that  results 
with  different  colored  lights  can  be  obtained,  which  are  comparable 
with  results  obtained  with  lights  of  the  same  color. 
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REVIEW  QUESTIONS. 


PRACnCAIi  TEST  QUESTIONa 

In  the  foregoing  sectioiiB  of  this  Cyclopedia  nn- 
merous  illostrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the 
various  methods  and  principles.  Accompanying 
these  are  examples  for  practice  which  will  aid  the 
reader  in  fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  num- 
ber of  test  questions  and  problems  which  afford  a 
valuable  means  of  testing  the  reader's  knowledge 
of  the  subjects  treated.  They  will  be  found  excel- 
lent practice  for  those  preparing  for  Civil  Service 
Examinations.  In  some  cases  numerical  answers 
are  given  as  a  further  aid  in  thi8  work. 
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UY^XAMO-ELECTRIC    MACHIXKRY 


PA  RT    1 


1.  Explain  briefly  tlie  two  different  methods  of  distributing 
electrical  power. 

2.  (a)  Why  does  the  series  characteristic  curve  bend  ovei 
and  the  voltage  begin  to  decrease  when  the  current  is  largo  ?  (i) 
Kxplain  why  the  E.  M.  F.  of  a  series  dynamo  decreases  very  raj>- 
idly  from  about  two-thirds  its  maximum  value  upon  decrejising  the 
current,     (c)  Draw  a  diagmm  of  the  circuit  of  a  series  dynamo. 

3.  (a)  Why  is  the  voltage  of  a  shunt  dynamo  at  its  maxi- 
mum an  open  circuit?  (J)  Wliy  does  the  voltage  of  a  sluint 
dynamo  decrease  when  the  load  is  increased?  (e?)  Draw  a  dia- 
gram of  the  circuit  of  a  shunt  dynamo. 

4.  (a)  Wliat  is  the  general  form  of  the  characteristic  of  a 
compound  dynamo?  (J)  What  is  the  difference  between  a  long 
sluint  compound-wound  dynamo  and  a  sliort  shunt  compound- 
wound  dynamo  ?  (<?)  Draw  a  diagram  of  the  circuit  of  a  sliort 
shunt  compound  machine. 

5.  What  values  of  E.  M.  F.  and  current  are  used  in  plotting 
the  external,  internal  and  total  characteristics  of  the  shunt 
dynamo  ? 

6.  How  does  the  construction  of  shunt  coils  differ  from  that 
of  series  coils  ? 

7.  (a)  Why  does  sparking  o6car  if  the  position  of  the  brushes 
is  such  that  the  short-circuited  coils  generate  no  E.  M.  F.?  (5) 
What  is  the  cori-ect  position  of  the  brushes  for  sparkless  running? 

8.  Why  should  not  the  cuiTcnt  pass  through  the  springs 
which  are  used  to  give  the  brashes  proper  pressure  upon  the 
commutator '( 
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9.     Explain   why   armatures   need   to   be   very    carefully 
balanced. 

10.  Give  the  advantages  of  carbon  brushes,  and  state  why 
they  are  especially  useful  for  high  potential  machines. 

11.  Explain  why  the  resistance  of  the  field  coils  of  a  shunt 
dynamo  is  calculated  so  low  as  to  require  a  resistance  rheostat  to 
be  placed  in  series  with  it. 

12.  What  are  the  general  tests  which  should  be  made  upon 
a  dynamo  ? 

13.  (a)  Name  the  l)est  conductors  of  magnetism.  (6)  How 
does  the  reluctivity  of  air  compare  with  tliat  of  copper,  brass^ 
wood,  etc.  ? 

14.  Upon  what  does  the  value  of  the  magnetic  flux  in  a 
magnetic  circuit  depend  ? 

15.  How  does  the  residual  magnetism  of  a  dynamo  affect 
the  characteiistic  curve  ? 

16.  (a)  What  features  are  important  in  the  construction  of 
a  good  commutator?  (b)  How  should  a  commutator  be  cared 
for  in  order  to  secure  good  running? 

17.  Name  the  precautions  that  should  be  taken  when  instal- 
ling dynamos. 

18.  Referring  to  the  electric  circuit  we  have  the  terms  ^ 
electric  flux,  electromotive  force  and  resistance.  What  are  the 
corresponding  terms  for  the  magnetic  circuit  ? 

19.  What  are  the  causes  of  sparking  at  the  commutator? 

20.  How  does  a  ring-wound  armature  differ  from  a  drum* 
wound  armature  ? 

21.  (a)  Explain  the  effect  of  the  series  coil  of  a  compound 
djmamo.  (6)  Explain  why  both  shunt  and  series  coils  are  re- 
quired to  make  a  dynamo  self-regulating.  (<j)  What  is  the  effect 
if  the  series  coil  does  not  have  enough  turns  ?  (<i)  What  is  the 
effect  if  the  series  coil  has  too  many  turns  ? 

22.  State  the  special  advantages  of  a  toothed  armature  core. 

23.  (a)  Name  the  magnetic  density  per  square  inch  usually 
allowed  for  field  magnets  of  cast  iron,     (i)  Of  wrought  iron 
((?)  Of  cast  steel. 

24.  (a)  What  are  horse-power  curves?  (6)  What  are 
resistance  lines  ? 
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BIRECT- CURRENT   MOTORS 


1.  State  briefly  the  fundamental  principle  of  the  motor. 

2.  What  is  meant  by  the  torque  of  a  motor?  How  is  it  related 
to  the  power?  If  the  field  and  armature  current  are  constant,  how 
is  the  torque  related  to  the  speed? 

3.  If  the  output  of  a  motor  is  60  horse-power,  and  the  anna* 
ture  makes  490  revolutions  per  minute,  what  is  the  torque? 

4.  If  the  pulley  of  the  motor  in  the  preceding  question  is  22 
inches  in  diameter,  what  is  the  effective  pull  upon  the  belt? 

5.  WTiat  is  the  commercial  eflBciency  of  a  500-volt  motor 
which  takes  120  amperes  and  delivers  71 .6  horse-power? 

6.  What  is  meant  by  the  counter-electromotive  force  of  a 
motor?    What  relation  does  it  bear  to  the  efficiency? 

7.  The  current  in  the  armature  of  a  shunt  motor  is  50  amperes ; 
and  the  E.M.F.  at  the  brushes,  240  volts.  If  the  armature  resistance 
is  0.38  ohm,  what  is  the  counter-E.M.F.? 

8.  Upon  what  does  the  speed  of  a  motor  depend? 

9.  Explain  briefly  the  different  methods  used  to  vary  the 
speed  of  shunt  motors. 

10.  What  disadvantages  are  there  in  controlling  the  speed  of  a 
shunt  motor  by  a  rheostat  in  the  armature  circuit? 

11.  A  230-volt  shunt  motor  takes  55  amperes  at  full  load,  the 
speed  being  760  revolutions  per  minute.  What  resistance  must  be 
inserted  into  the  armature  circuit  to  give  half  the  full-load  torque 
at  two-thirds  speed?  How  many  watts  are  lost  in  this  resistance 
under  these  conditions? 

12.  A  shunt  generator  is  to  be  used  as  a  motor.  What  changes 
are  necessary?  Should  the  brushes  be  shifted,  and,  if  so,  to  what 
point? 
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MACHINERY. 

PART  I. 


1.  Why  is  the  steam  turbine  well  adapted  for  direct  connec- 
tion? 

2.  On  a  three- wire  system  is  it  better  to  use  llO-volt  or 
220- volt  motors  ?     Explain  why. 

3.  Describe  construction  and  operation  of  the  Fort  Wayne 
self-starting  synchronous  motor. 

4.  What  methods  are  used  for  controlling  the  speed  of  in- 
duction  motors  ?     Which  one  is  preferable  ? 

5.  How  can  the  friction  of  brushes  and  bearings  be  tested 
roughly  ? 

6.  What  points  should  be  considered  in  the  selection  of  a 
machine  ? 

7.  Give  a  sketch  of  the  connections  of  a  compound -wound 
motor. 

8.  What  is  the  advantage  of  a  synchronous  motor  when  its 
field  is  over  excited  ?     Explain. 

9.  Give  a  safe  rule  to  follow  for  personal  protection  when 
handling  electrical  circuits  of  a  sufiiciently  high  voltage  to  be 
dangerous. 

10.  What  precautions  must  be  taken  in  fixing  a  direct-con- 
nected set  ? 

11.  Why  should  starting  boxes  always  be  furnished  with 
direct-current  motors  ? 

12.  (a)  How  are  small  induction  motors  started  i     (b)  Why 
cannot  large  sizes  be  started  in  the  same  way  ? 

13.  If  a  machine  is  to  be  taken  apart  for  the  purpose  of 
cleaning  or  inspecting  it,  what  precautions  should  be  taken  ? 

14.  Describe  the  method  of  lacing  a  belt. 
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REVIEW    QUESTIONS 

ON    TBS    817BJBOT    OS* 

ELECTRIC   WIRING 


1.  Explain  the  three-wire  system  of  wiring. 

2.  In  case  a  test  shows  excessive  leakage,  or  a  ground  or  short 
circuit,  how  would  you  locate  the  trouble  and  remedy  it? 

3.  Describe  the  construction  and  use  of  outlet-boxes. 

4.  What  is  the  principal  difference  between  alternating  and 
direct-current  circuits,  so  far  as  concerns  the  wiring  system? 

5.  Compare  the  advantages  of  the  two-wire  and  three-wire 
systems  of  wiring. 

6.  Under  what  general  heads  are  approved  methods  of  wiring 
classified? 

7.  A  single-phase  induction  motor  is  to  be  supplied  with  25 
amperes  at  220  volts;  alternations  12,000  per  minute;  power  factor. 8. 
The  transformer  is  200  feet  from  the  motor,  the  line  consisting  of 
No.  4  wire,  9  inches  between  centers  of  conductors.  The  trans- 
former reduces  in  the  ratio  2,500,  has  a  capacity  of  30  amperes  at  220 

250 
volts,  and,  when  delivering  this  current  and  voltage,  has  a  resistance-E. 
M.  F.  of  2.5  per  cent,  and  a  reactance  E.  M.  F.  of  5  per  cent.     Cal- 
culate the  drop.     (Use  table  and  chart.) 

8.  What  are  the  distinctive  features  of  the  different  kinds  of 
metal  conduit? 

0.  Suppose  power  to  be  delivered,  300  K.  W.;  E.  M.  F.  to  be 
delivered,  2,200  volts;  distance  of  transmission,  15,000  feet;  size  of 
wire.  No.  00;  distance  between  wires,  24  inches;  power  factor  of  load, 
.7;  frequency,  100  cycles  per  second.  Calculate  line  loss  and  drop 
in  per  cent  of  E.  M.  F.  delivered.     (Use  table  and  chart.) 

10.  In  installing  A.  C.  circuits,  what  requirements  are  insisted 
on  as  to  the  placing  of  conductors  in  conduits? 

11.  Describe  the  manufacture,  use,  and  special  advantages  of 
the  different  kinds  of  armored  cable. 
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REVIEW    QUESTIONS 


ON     THB     8UB.rBOT     OF 


ELECTRIC    LIGHTING 


1.  Define  what  is  ordinarily  meant  by  the  term  efficiency  of 
an  incandescent  lamp,  and  give  the  values  accepted  at  present  for 
the  eflBciency  of  the  carbon,  gem,  tantalum,  and  tungsten  types. 

2.  What  are  the  essential  features  of  the  Nernst  lamp?  AVhy 
is  the  ballast  necessary? 

3.  What  use  is  made  of  the  flicker  photometer? 

4.  How  may  the  color  of  the  flaming  arc  lamp  be  changed? 
With  what  color  of  light  is  the  efficiency  of  this  lamp  the  highest? 

5.  WTiat  is  the  object  of  shades  and  reflectors? 

6.  Describe  the  globe  photometer  and  give  its  use. 

7.  What  is  the  relation  between  the  hejner  and  the  candle- 
powerf 

8.  What  do  you  understand  by  the  term  indirect  ligktingf 

9.  Give  your  understanding  of  the  Rousseau  diagram  and 
its  use. 

10.  Name  the  advantages  and  disadvantages  of  the  mercury 
vapor  lamp  and  outline  the  two  methods  used  in  starting  this  type 
of  lamp. 

11.  Explain  the  terms  mean  spherical  candle-power;  mean 
hemispherical  candle-power;  mean  hcnrizontal  candle-power, 

12.  Define  a  lumen;  a  foot-candle. 

13.  In  what  way  does  the  treatment  of  the  filament  of  the  gem 
lamp  differ  from  that  of  the  ordinary  carbon  filament? 

14.  WTiy  are  enclosed  arc  lamps  preferable  to  open  arcs?  ^Vhat 
is  the  approximate  difference  in  the  voltage  at  the  terminals  of  these 
two  types  of  lamps  when  connected  in  series  circuits? 

15.  What  use  is  made  of  the  mercury  arc  rectifier  in  connection 
with  lighting? 
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Connecting  rod                         II. 

65;  IV. 
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Compounding                 II,  176,  336 

;  III. 
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Constant-potential  D.  C.  circuits 

VII. 

166 

booster  method 
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alternating-current  motors 

VII. 
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miscellaneous  methods 

VII. 

43 

compound-wound  motor 

VII, 
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VII. 
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water-cooled  engine  III.  271 
Cooling  towers  II.  95;  VI.  285 
Copper  for  boiler  construction  I,  12 
Corliss  engines  II.  86 
Coriiss  valve  II,  167 
Corliss  valve  setting  II,  312 
Cornish  boiler  I,  76 
Corrosion  I,  223:  III.  265 
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ciency VII,  84 
Counter-E.  M.  F.  of  motor  VII,  77 
Crank  II.  65 
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De  Laval  steam  turbine  II,  374 
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double-carbon  VII.  367 

enclosed  VII.  367 

Qpen  VII.  366 
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Direct-indirect  radiators 
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Feed  pump  I.  69 
Feed  valves  V.  61 
Feed-water  heaters  I.  200;  II.  178 
Fiber  graphite  II.  116 
Fiber  stresses,  table  of  IV,  120 
Fibrous  tubing  VII.  259 
Field-magnet  excitation  VII.  37 
magneto-machine  VII,  38 
self-exciting  generator  VII,  40 
separately-excited  generator      VII,  38 
series  dynamo  VII,  89 
shunt  dynamo  VII,  40 
Filament  VII,  331 
Filters  VI,  328 
for  cleaning  gas  III.  63 
Fire-box  IV.  46 
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VanderbUt  IV.  46 
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Wooten  IV,  46 
Fire-box  boilers 

definition  of  I.  70 
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Fire- tube  boiler,  definition  of  I.  70 
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Forced  hot-water  circulation 
Forcing  pumps 
Forter  gas-producer 
"Foster"  reducing  valve 
Foundation  brake-gear 
Fractional  distillation 
Frame 

of  engine 

of  locomotive 
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air-pump 

IV. 

180 

Heat  units 

n. 

27 

Budceye 

II. 

112 

Heating 

fly-ball 

II. 

109 

combination  systems 

V, 

279 

shaft 

II. 

111 

direct  hot-water 
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II. 

118 

exhaust-steam 

V, 

296 

Grades 

IV. 

156 

indirect  steam 

V. 

243 

Gram-calory,  definition  of 

ni. 

14 

Heating  capacity  of  furnace 

V. 

198 

Gramme  ring  armature 

VII. 

35 

Heating  effect  of  compression 

VI. 

20 

Graphite 

II. 

116 

Heating  surf  aces           I.  50;  IV,  70;  V. 
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Hot  skimmer  and  reboiler  VI.  325 
Hot-tube  ignition  III,  109 
Hot-water  circulation,  forced  V,  289 
Hot- water  heaters  V.  266 
Hot-water  heating  V.  176,  364 
Hot-water  piping  V,  368 
Hot-water  radiators  and  valves  V,  366 
Howden  system  of  forced  draft  I,  166 
Hydraulic  elevators  IV,  334 
Hydraulic  ram  I,  268 
Hydraulic  riveting  I,  21 
Hydrogen  III,  12 
Hydroklneter  V,  68 
Hydrometer  V,  66 
Hydrotrophe  I.  285 
Hyperbolic  or  Napierian  logarithms, 
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Ice,  storing  and  selling 
Ice  cans 

loe-making  plants 
Ice-plant  insulation 
Ideal  and  real  Otto  cycles 
Ignition 

Ignitions  and  explosions  in  air-com- 
pressors 
Ignition  systems 

dry-cell  and  Jump-spark 

dynamo 

make-and-break 

spark-plugs 

storage  batteries 
Illumination 

intrinsic  brightness 


VI,  350 

VI,  331 

VI,  321 

VI,  352 

III,  106 

III,  109 

VI,  113 

III,  293 

III,  298 

III,  305 

III.  303 

III.  307 

VII.  381 

VII,  382 


Illumination 

irregular  reflection 
public  halls  and  offices 
regular  reflection 
residence  lighting 
shades  and  reflectors 
street  lifting 
unit  of 

lUxmiinometer 

Impulse,  definition  of 


VoL  P&ge 

VII.  383 

VII,  392 

VII,  382 

VII,  384 

VII,  400 

VII.  395 

VII,  381 

VII.  421 

II.  331 

Impulse  turbines                    II,  321.  338,  373 

Incandescent  lamp  photometry      cVII,  416 

Incandescent  lamps                           VII,  330 

comparison  of  diflTerent  types    VII.  353 

distribution  of  light                     VII,  839 

efficiency                                       VII.  334 

gem  metallized  ffiament  lamp    VII,  340 

helion  lamp                                 VII.  349 

Intensity  constants  for               VII.  387 

life,  relation  of.  to  efficiency      VII.  335 

manufacture  of                          VII.  331 

exhausting                           VII.  333 

flashing                                   VII.  332 

mounting  filament               VII.  332 

preparation  of  filament       VII.  331 

mean  spherical  candle-power    VII.  340 

metaUic  filament  lamps              VII.  342 

osmium                                VII,  348 

tantalum                             VII.  342 

tungsten                               VII,  350 

Nemst  lamp                                 VII.  349 

selection  of  lamjis                       VII.  336 

voltage  and  candle-power          VII.  333 

Incrustation        •                                     I.  226 

Independent  bral:c- valve                    IV.  217 

Indicating  wattmeter                         VII.  206 

Indicator  cards                                 II.  48.  232 

compressed-air                               VI.  21 

Indicator  cards  from  multi-stage 

compressors                   VI.  83 

Indicator  diagrams                              II,  206 

Indicators                                       II.  181.  193 

Indirect  hot-water  heating             V,  177.  285 

Indirect  steam  heating                   V.  175,  243 
Induced-draft  gas-producers 
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Jet  pump 

I. 

271 

Capitaine 

III. 

42 

Joints  for  boiler  shells 

definition  of 

Ill, 

25 

riveted 

I. 

24 

Fairbanks-Morae 

III, 

46 

welded 

I. 

25 

Loomis 

III. 

40 

Joy  gear 

11, 

292 

Wyer 

III. 

53 

Induction  motors 

K 

single-p^ase 

VII, 

178 

"K"  triple  valve,  Westinghouse 

IV, 

220 

speed  regulation  of 

VII. 

177 

Keel  condenser 

V, 

137 

starting 

VII, 

175 

Kerosene  and  crude  oil  engines 

III. 

204 

Inductor  magneto,  action  of 

III. 

120 

Kerr  turbine 

II. 

410 

Inequality  of  steam  distribution 

II. 

252 

"Klinger  Patent"  water  gauge-glass     I, 

177 

Inflation  of  tires 

III. 

364 

Knife  switches 

VII, 

144 

Injectors                                 I.  196 

:  IV, 

134 

Knowles  pump  valve 

I. 

322 

Inside  clearance 

IV, 

86 

Inspirator 

I. 

196 

L 

Installation  of  steam  turbines 

II. 

357 

Labyrinth  packing 

II. 

408 

Insulating  material 

VI, 

362 

Lagging 

V, 

•70 

Insulation 

VI, 

358 

Lancashire  boiler 

I. 

77 

Insulation  resistance 

VII, 

193 

Lap  Joints,  efficiency  of 

V, 

29 

direct-deflection  test 

VII. 

193 

Lap  position  of  brake-valve 

IV. 

176 

voltmeter  test 

VII, 

194 

Latent  heat                            II,  27 

;  VI, 

187 

Integrating  photometers 

VII, 

414 

Launch  boilers 

V, 

92 

Matthews 

VII. 

414 

Lead                                      II,  251 

;  IV, 

85 

Intensity  constants  for 

Leather  valves 

I. 

288 

arc  lamps 

VII. 

387 

Lenoir  engine 

Ill, 

78 

Incandescent  lamps 

VII, 

387 

Lentz  boiler 

I. 

103 

Interchangeable  arcs 

VII. 

368 

Lever  safety-valve 

I. 

182 

Interchangeable  brake  system 

IV. 

169 

Lifting  injector 

IV, 

134 

Intercooler 

VI. 

95 

Lifting  pumps 

I, 

279 

Internal-combustion  motor 

III. 

76 

Lifting  shaft 

IV, 

88 

Internal-combustion  reheaters 

VI. 

138 

Light  standards 

VII, 

404 

Internal  lubrication 

V. 

164 

amyl  acetate  lamp 

VII, 

405 

Internal  vaporizer 

III. 

207 

cancel  lamp 

VII, 

405 

Internally-fired  boiler,  definition  of 

I. 

70 

English  candle 

VII, 

404 

Intrinsic  brightness 

VII, 

382 

German  candle 

VII, 

406 

Iron    cores,    calculation    of    heat 

pentane  lamp 

VII, 

405 

waste  in 

VII. 

24 

working  standards 

VII. 

406 

Iron  and  steel  plates,  flanging 

I. 

25 

Limit  switches 

VII, 

147 

Irregular  reflection 

VII. 

382 

Limit  valves 

IV, 

347 

Isothermal  compression 

VI. 

15 

Linde  horizontal  double-acting  re- 

Isothermal expansion             II,  42 

;  VI. 

141 

frigerating  machine 

VI, 

259 

Linear  expansion,  coefficient  of 

II. 

16 

J 

Link 

IV. 

88 

Jacketing 

II. 

156 

Link  hanger 

IV, 

88 

Jacking  gear 

V. 

156 

Liquefaction 

II. 

23 

Jet  condensers 

11. 

1)2 

Liquid  fuels 

III. 

193 
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Locomotive  frames  IV,  104 

Locomotive  operation  IV.  153 

Locomotive  rating  IV,  129 

Locomotive  truck  brake  IV,  246 

Locomotive  trucks  IV,  112 
Locomotives 

classification  of  IV.  20 

historical  development  of  IV,  11 

Loomis  induced-draft  gas-producer   III.  40 

Losses  in  steam  turbine  II.  861 

Low-pressive  turbines  II,  348 

Low-tension  magneto  III,  121 
Lubrication 

of  bearings  V,  164 

daily  oil  and  grease  III.  343 

difTerential  III,  346 

oil  in  crank-case  III,  345 

oU  and  oiling  III,  338 

transmission  case  III.  345 

universal  Joints  III.  346 

wheels  III.  346 

Lubricators                            II,  118;  IV.  141 

mechanically  operated  III,  340 

Lumen  V'll,  386 

Lummer-Brodhun  photometer  VII.  408 

M 

Machine 

assembling  of  VII.  141 

direction  of  rotation  VII.  152 
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selection  of  VII.  129 

speed  of  VII.  200 
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Magneto                              III.  300;  VII.  281 
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between  III.  115 

Magneto  electric  Induction  VII.  14 

Magneto  generators  III.  117 

Magneto  ignition  III.  123 

Magneto  motors  '  VII,  91 

Magneto  plug  III,  125 

Magnetomotive  force  VII.  17 

Main  injection  valve  V,  157 

Make-and-break  Igniter  III,  112 

Make-and-break  system  of  ignition   III,  305 

Mallet  articulated  compound  IV,  36 

Mallet  compound  locomotive  IV,  19 

Manholes  I.  63,  170 

Manning  boiler  I.  87 
Marine  boilers                    I.  89-108;  V.  11-92 

Marine  engines     II.  79;  III.  221;  V.  95-171 

Marsh  gas  III.  12 

Marshall  gear  II.  292 

"Mason"  valve  I.  187 

Matthews  integrating  photometer  VII.  414 

McCreary  shade  VII.  401 

Mean  horizontal  candle-power  VII,  339 
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Mechanical  connections  VII,  132 
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direct  VII.  133 

rope  driving  VII,  138 
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216 
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VII. 

175 
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161;  V, 

76 

location  of 

VII. 

130 

Mechanical  vibrator 

III. 

181 

mechanical  connections 

VII. 

132 

Melting  points,  table  of 

II. 

23 

operation  of 

VII. 

104 

Mercury  arc  rectifier 

VII. 

379 

power  of 

VII. 

202 

Mercury  seal  vacuum  system 

of 

selection  of 

VII. 

129 

steam  heating 

V, 

850 

separation  of  losses 

VII. 

204 

Mercury  vapor  lamp 

VII. 

855 

series-wound 

VII. 

168 

Metallic  resistance 

VII. 

189 

diunt-wound 

VII. 

166 

drop  method  test 

VII. 

191 

stopping 

VII. 

181 

Wheatstone's  bridge  test 

VII, 

189 

torque  of 

VII. 

201 

Metalline 

II. 

116 

Movable  signals 

IV. 

148 

Meters 

II. 

181 

Muffler  cut-out 

III. 

315 

Meyer  valve 

II. 

299 

Mufflers 

III. 

155 

Mica  insulation 

III. 

140 

Multi-C3rllnder  engines 

V. 

103 

Milne  water-tube  boiler 

I. 

186 

Multiple  expansion 

II. 

152 

Miter  colls 

V. 

825 

Multiple  or    parallel  systems  of 

Miter  valve 

I. 

289 

power  distribution 

VII. 

379 

Mood  by-product  gas-producer 

III. 

60 

Multiple-series   or   series-multiple 

Moore  tube  light 

VII. 

857 

system  of  power  dis- 

Morgan gas-producer 

III. 

87 

tribution 

VII. 

379 

Mosher  water-tube  boiler 

I. 

123 

Multiple  tungsten  lamp 

VII. 

346 

Motor  car 
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III. 

231 

tribution 

VII. 
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III. 
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III. 

230 
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selection  of 
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25 
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108 
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818 
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II. 

255 
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VII. 

78 
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V. 
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Nemst  lamp 

VII. 

349 

of 
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224 
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60 

Motors 
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57 
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229 
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VII, 

88 
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VII, 
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VII, 
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Plunger  elevator 

IV. 

342 
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III. 

159 

Pneumatic    direct-displacement 

thermodynamics  of 

III. 

96 

pump 

VI. 

168 

Outlet-boxes 

VII. 

307 

Pneumatic  hammers 

VI. 

159 

Outdde  lap 

.IV. 

85 

Pneumatic  haidage 

VI. 

172 

Overhead  linework 

VII. 

312 

Pneumatic  hoists 

VI. 

160 

Overload  in  reciprocating  engine       II. 

366 

Pneumatic  sand  blast 

VI. 

162 

Oxygen                                   III, 

,  12:  V, 

179 

Poetter  gas-producer 

III. 

38 

Point  of  cut-off 

11. 

221 

P 

Point  of  exhaust  closure 

II. 

221 

Paddle  wheels 

V. 

97 

Point  of  release 

II. 

221 

Pantograph 

II. 

203 

Pole  armatures 

VII. 

36 

Parsons  turbine 

II.   326, 

432 

Polyphase  induction  motor 

VII, 

175 

Peiton  water-wheel 

11, 

120 

Poljrphase  synchronous  motor 

VII. 

174 

Pencil  mechanism 

II. 

199 

Pony  truck 

IV. 

112 

Pendulum  governor 

II. 

106 

Pop  safety-valve 

I. 

184 

Penn*s  tnink  engine 

V, 

98 

Poppet  valve 

I. 

288 

Perfect  gas 

VI. 

13 

Porcelain  insulators 

VII. 

262 

thermodynamics  of 

II, 

39 

Porter  governor 

II, 

109 

Perforat/ed  belts 

VII. 

138 

Power 

Performance  o(  steam  turbine 

II. 

861 

definition  of 

II. 

187 

Personal  safety 

VII. 

180 

required  to  compress^air 

VI. 

37 

Physical  properties  of  air 

VI. 

13 

Power-driven  compressors 

VI. 

60 

Pielock  superheater 

IV. 

73 

Power  rilftu  J 

III.  230. 

243 

Pierson  water  regulator 

III. 

56 

Power-transmission  devices 

Pipe  cutter 

V. 

359 

clutchec 

III. 

317 

Pipe  and  fittings 

V, 

351 

apeed-changing  gears 

HI. 

323 

Pipe-fitting  tools 

V, 

3-39 

Pratt-Sprague  elevator 

IV. 

360 

Pipe  radiators 

V. 
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Pressure  gaa-produoers 

Pipes 

I. 

215 

Amsler 

III. 

30 

Piston                                        II 
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113 

by-ppoduct 

III. 

68 

size  of 

I. 

298 

definition  of 

III. 

25 

Piston  rod                        II.  66; 
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123 

Duff 

III. 

30 

Piston  speed 

II,   167. 

210 

Duff-Whitfleld 

III. 

39 
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878;  IV. 

96 

Porter 

III. 

31 

Pitch  of  propeller,  to  find 

V. 

147 

Fraaer  &  TaJbct 

III. 

33 
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III. 

122 

Morgan 

III. 

37 

Plain  slide  valve 

IV. 

94 

Poetter 

III. 

38 

Plain  triple  valve 

IV. 
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Smythe 

III. 

38 

Planetary  gears 
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III, 

37 
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115 
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Radial  valve  gears 

II. 

289 

PresBure-reducing  valve 

V. 

844 

Radiation 

II. 

36 

Pressure-retaining  valve 

IV. 

194 

computing 

V.  340. 

373 
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VI. 

194 

sion 

VI. 

17 

Radiators 

V. 

196 
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Railway motors 

VII. 

117 

tures,  relation  of 

VI. 

30 

Railway  signaling 

IV. 

142 

Priming 

I. 

203 

Rate  of  combustion 

IV. 

66 

Producer  gas 

Ill,  15. 

168 

Rateau  accumulator 

II. 

355 

history  of 

III. 

16 

Rateau  turbine 

11. 

397 

manufacture  of 

III. 

.  18 

Rating  of  "arc  lamps 

VII. 

368 

uses  of 

III. 

C5 

Rating  of  locomotive 

.     IV. 

129 

Producer^gas  power  plants 

Ill,   65, 

171 

Ratio  of  expansion 

II. 

168 

Production  of  cold 

VI, 

196 

Reach  rod 

IV. 

88 

Production  of  compressed  air 

VI, 

11 

Reaction,  definition  of 

II. 

331 

Prony  brake 

II. 

212 

Reaction  turbines 

II.  338. 

431 

Propellers 

V. 

144 

Reaction  wheel 

II. 

322 

Properties  of  steam 

II. 

32 

Real  and  Pichon  turbine 

U. 

323 

Propulsion 

V. 

141 

Reboiler  and  skimmer 

VI, 

327 

Pulsometer 

I. 

285 

Receiver  safety  valves 

V. 

156 

Pump  duty 

I. 

357 

Rectangular  boiler 

V, 

11 

Pump  efficiency 

I. 

357 

Rectifier 

VI. 

130 

Pump  governor 

IV.  219. 

261 

Reducing  motion 

II. 

202 

Pump  slip  * 

I. 

356 

Reducing  valves       I.  18C;  IV. 

219;  V. 

157 

Pump  valves 

I. 

286 

Refrigerants,  tests  of 

VI. 

209 

Pumping  by  compressed  air    I. 

358:  VI, 

162 

Refrigerating  machines 

II. 

49 

Pumping  engines 

II. 

82 

Refrigerating  plant 

VI. 

308 

Pumps 

Refrigerating  systems 

yi. 

212 

air 

I. 

316 

Refrigeration 

VI.  177 

-377 

centrifugal 

I, 

276 

anunonia  condensers 

VI. 

27a 

combined-condenser 

I. 

315 

auxiliary  apparatus 

VI. 

301 

compound 

I. 

331 

cold  storage 

VI. 

354 

Davidson 

I. 

328 

commercial  machines 

VI. 

257 

duplex 

I.  309, 

330 

cooling  towers 

VI. 

285 

for  feeding  boilers 

I. 

195 

definitions 

VI. 

179 

forcing 

I. 

282 

evaporators 

VI. 

289 

hydraulic  ram 

I. 

268 

historical 

VI. 

177 

Jet 

I. 

271 

ice-making  plants 

VI. 

32L 

lifting 

I. 

279 

insulation 

VI, 

358 

rotary 

I. 

273 

methods  of 

VI. 

307 

single 

I. 

308 

methods  of  cooling 

•   VI. 

366 

triplex 

I. 

309 

required 

VI. 

373 

Quadruple  engine 

II. 

71 

storing  and  selling  ice 

VI. 

350 

Quadruple  expansion  engines 

V. 
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systems  of 

VI. 

212 

Quick-action  triple  valve 

IV,  189. 
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